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ORGANISATION 

On the 31st March 1975, the Senior Staff consisted 

Directorate : 

Director 

N. K. Jain, M.Sc. Ag. (B.H.U.), Ph.D. 
(Illinois) 

Administrative & Finance Controller 

J. Tessier-Yandell upto 30. 9. 74. 

Administrative Officer 

K. S. Gill 

Asstt. Administrative Officer 
B. S. Kotoky, B.A., LL.B. 

Accounts : 

Accounts Officer 

S. Mazumdar, B.Com. (Cal.) A.C.A. 

Maintenance : 

Station Engineer 

G. B. Singh, A.M.I.S.E. 

Medical : , 

Medical Otticer 

Dr. (Mujor) S. W. Rohrnan, M.B.B.S. 

Ubrary & Publication Department : 

In-Chargc 

J. N. Sharma, M.A. (Gau.) 

Soils & Meteorology Department : 

Soil Scientist 

S. K. Dey, B.Sc. (Cal), Assoc. I.A.R.L 

Senior Scientific Assistants 

N. G. Bhattacharyya, B.Sc. (C^.) 

A. K. Sengupta, B.Sc. (Cal.) 


Directors Report 

( 1st April 1974 to 31st March 1975 ) 

Botany Department : 

Plant Physiologist 

W. Had field, B.Sc. , Hons, upto 17.10.74 
Plant Breeder 

H, P. Bezbaruah, M.Sc., Ph.D. (Gau.) 

Senior Scientific Assistant 

B. N. Gogoi, B.Sc. (Gau.) 

Agriculture Department : 

Agronomist 

F. Rahman, M.Sc. Ag. (Bihar), Ph.D. 
(I.A.R.I.) 

Second Agronomist 

B. C. Phukan, B.Sc. Ag. (Gau.), A.I.F.C. 

Manager, Borbhetta Experimental Estate 
H. N. Sharma, B.Sc. (Cal.) 

Entomology Department : 

Entomologist 

B. Bancrjec, M.Sc. (Cal.) M.S. (South 
Illinois), Ph.D. (London), F.A.Z., F.R.E.S. 
(London). 

Senior Scientific Assistants 

N. S. Sengupta, B.Sc. Ag. (Cal.) 

M. C. Katoni 

Mycology Department : 

Mycologist 

G. Satyanarayana, B.Sc. (Hons.) (Andhra)^ 
Ph.D. (Madras) F.B.S., F.I.P.S. 

Biochemistry Department : 

K. L. Bajaj, M.Sc. (K.U.), PIuO. (Punjab 
Agricultural University) 


( I ) 



Tocklai Experimental Station 


Senior Scientific Assistant 

S. Chakrabarty, M.Sc., Pli.D. (Cal.) 

Tea Tasting Department : 

Tea 

R. P. Basu 

Second Tea 'Taster : West Bengal 

S. Sen, B.Sc. (Cal.) 

I'hird "Tea 'Taster 

A. K. Das, B.A. (Gau.) 

Engineering Research & Development Department : 
Senior Researcli Engirn'er 

D. N. Barbora, B.Sc. Mining (B.H.U.) 
M.Sc. Eng. (I.ondon), D.I.C., M.I. Ag.E. 

Second Research Engineer 

'r. C. Bariiah, B.Sc. (Hons.), (Gau.) B.Sc. 
Medi. laig. (B.H.U. ), M.Sc. Mech. Eng. 
(Manchester) 

Statistics Department : 

Statistician 

A. K. Biswas, M.Sc. (Gan.) 

Agricidtural Plconomics Department : 

Agricultural I'^conoinlst 

R. C. .Awasthi, M.( <om., LL.B., Ph.D. (Agra) 

Advisory Department : 

Senior Advisory Officer : Assam 

P. C. Slianna, M.Sc. (B.H.U.), Ph.D. 
(London) I'.L.S. 

Advisory Officer : Soutli Bank: Upper Assam 
"T. K. Ghosh, ILSc. (Patna), Ph.D. (Cornell) 
Assoc. I.A.R.l. 

Advisory Officer : Lower Assam 

B. Borthakur, M.Sc. Ag. (Gau.) 

Asstt. Advisory Officer 

S. C. Dey 


AdvLsory Officer : North Bank 

H. Mitra, B.Sc. (Cal.) 

Asstt. Advisory Officer : North Bank 
M. Farook, B.Sc. Ag. ('I’.N.A.U. 

Advisory Officer : Cachar 

J. Chakravartec, M.Sc. Ag. (Gau.) 

Advisory Officer : West Bengal 

S. Basil, B.Sc. Ag. (Hons.), (Delhi) Assoc, 

I. A.R.l. 

Advisory Officer : Dcoars & Terai 

B. G. barbora, M.Sc. Ag. (J.A.R.T.) 

Assit. Advisory Officer: Dooars & Te ai 

K. N. Dutia 

Advi>ory Officer : Darieeling 

S. K. Sarkar,B.Sc., (Gal.), B.Sc. Ag. (B.H.U.) 

Si':NIOR SI AFF MA'n'ERS 

Appointment 

'I’lic following appointUK'nts and promotions 
were made : 

Mr. B. S. Kotoky — promoted as Asstt. Adminis- 
trative ( Iflicer, with ('fleet 
from 1.9.74. 

Mr. K. N. Dutta - promoted as Asstt. Advi.sory 
Officer, with cfTcct from 1.9.74. 

Mr. S. G. Dey - promoted as Asstt. AdvLscjry 
Officer, with effect from 1.9.74* 

Mr. M, Farejok — appointed as Asstt. Advi- 
sory (Jflicer, with effect from 

16.10.74. 

Dr. K. L. Bajaj — appointed as Biochemist with 
effixt from 9.11.74. 

Dr. R. G. Awasthi — appointed as Agricultural 
Economist, with effect from 

6.12.74. 


( 2 ) 



Annual Scientific Report For 1974-75 


Retirement 

Mr. J. Tcssier-Yandcll, Administrative & Finance 
Controller, rclirctl on 5()th September, 1974. 

Mr. W. Hadfield, Plant Physiologist, retired on 
17lli October, 1974. 

'FRAINEES 

Four Res(‘arch Students worked at docklai 
Experimenlal Station during the year under C’.S.I.R. 
Jr. Reseaich 1 'ellowshij), two in Botany Department 
and one each with the Soil and Faigiiieering Depart- 
meiil. 

In addition, two Irniiu ('s from Iran liavt* completed 
one month’s iiaining each and oik* each from Nepal 
and *\1am itius have completed three months training. 

EEC ! LIRE COURSES 

'I'he following lecture courses wer(‘ held during 
the year : - 

Surveying and Drainage Course 

(a) I'or (iovermtient A[)pro\'{'d and Estate 

Surveyors from IGth (o IBth January, 1975. 

(b) l’()i- Planters 

1st Cours(' from bth \n lOth January, 1975. 

2ud C^)urst‘ honi 2()th to 2itii January, 1975. 

3rd Course fi oni 27th to 31st January, 1975. 

visi rs 

'The Director attended the nn'etings of Research 
laaison Committee and Development Coinniittees 
of Lea Board, Council ol Management, Agricultural 
and Engineering Sub-Committees ol’ I’.R.A., C.S.EK. 
Directors Conference, meetings of ECIA.R. Society 
l.S.L C’ommittccs, Biological Research Committee 
of C. S. I. R., 1. Cf A. R./C. S. 1. R. Joint Panel 
and Various A.S.C. meetings including the Joint 
Area Scientific Committee in North Bank. He also 
attended seminar of Fertilizer Corporation of India 
with the Soil Scientist. He delivered lecture on 


Recent Advancv^s in Agronomy at Chandra Shekhaf 
A/afI University of Agriculture and 'Fechnology, 
Kanpur. 

Agronomist attended the meeting of ISI and 
Study Committee of I.C.A.R. 

Senior Research Engineer visited Bangalore and 
Madras. Other specialists attended various A.S.C. 
meeting, d’.R.A., A.O.M. was attended by Agrono- 
mist :uid Administrative & Finance Contiollcr, 
on invitation. A.(t.A 1. of UPASI was attended by 
S. Basil. 


visrroRs 

d’he following distinguished [lersons visited 
I'ockiai during the year under review : - 

Sri Earun (iogoi, M.P. ; Mr. P. V. Paremeswaram, 
M/'s J. F. Co., Munnar, Kerala; Mr. J. C. 'Fem[)ler, 
'Tea Research In.aitute of Isast Africa; Mr. A. Basu, 
Hoechst Pharmaceutical Eld., (ialcutta; Dr. A. S. 
Induikar, fcchnical Executive Hoechst PJiarmaceu- 
tical Etd., Bomliay; Dr. B. S. Mankodi, Swastik 
Household and Industrial Products I^td., Bombay; 
Mi-. S. S. Bhatia, Selser Marke ting (P) Etd., (Calcutta; 
Mr. P. K. Cokhale, (i.S.ER. Ne w Delhi; Mr. B. N, 
Patel, .Agricultural R(^s(‘arch Institute-, 'Ean/.ania, 
fhist .Africa.; Mr. Sumat Prashad, Vice-Chairman, 
E.R .A. Calcutta; Mr. N. A. Kuthial, Ckionoor 
Nilgi'is; Mr. A. Se hwarz, Malawi; Prof .\1. M. 
Chakiaboi ty, Dr. C. R. Eahiri and Dr. E. K. Ralia, 
Cahutia Liniver,>ity ; Mr. Keiko Hirasaw'a, 'Eokyo, 
Jaiian; Mr. A. F. Mae'donald, Member, London 
Scientific (!ommirtee 'ERA; Mr. V. R. Wilson, 
Duncan Macneill R- Co., London; Mr. M. Larnond, 
London Scientific ( lornmittce ; Mr. S. K. Suri, N.P.L., 
New Delhi; Mr. A. K. Mehra, Planter from South 
India; Dr. R. H, Fulton Rohm & Haas (’o. ; Philadel- 
phia; Mr. R. K. Datta, Indofil Chemicals Ltd., 
Calcutta; Mr. L. Rarnakrishnan, Indofil Chemicals 
Ltd., (Calcutta; Mr. J. H. EAichtcr, Uniroyal Chemical, 
Singapore; Mr. (E L. Phatak, Bharat Pulversing 
Mills, Madras; Mr. B. K. Sarronwala, Duncan Bros, 
& Co. Ltd., Calcutta; Mr. R .G. Punshi, Duncan 
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Bros. & Cak Ltd., Calcutta; Mr. P. K. Chosh, T15M 
World IVade Corporation, (Calcutta; Mr. John 
Trinick, George Williamson & Co., London; Mr. 
P. Antony Rcddi, Andhra Pradesh; Mr. V. B. Raju, 
New Delhi; Mr. G. R. Patel, M.P., New Delhi; Mr. 
Y. S. Mahajan, M. P. ; Prof. Shibbanlal Saksena, M.P. ; 
Mr. R am Kishore, Committee ()lhr(‘r, Lok Sabha, 
New Dellii; Prof. B. N. Shastri, M.P., New Delhi; 
Dr. K. K. Mitra, l ea Board, Calcutta; Dr. 1^. 8. Negi, 
Viee-(^hancellor, A.A.L)., Jorhat; Dr. C. 'lhakiir, 
Vice-Chancellor, J.N.K.V.V., Jabalpur; Mr. B. 
Sivarainan, Planning (k)minissioner; Mr. II. I’ergu- 
son, James 1 'inlay & Co. Ltd., Glasgow; Dr. A. K. 
Saha, Head of th(‘ D(‘ptt. of Horticulture, B.C.K.V.V., 
West Bengal; Mr. S. C. Sharma, Indian Potash Ltd., 
Calcutta; Dr. Dharniapal Singh, Director U.P. 
Inst, of Agricultural Sciences, Kanpur; Dr. V. L. 
Chopra, Head, Division ol (ieneties, lARl; Mr. 
M. W. Grifliths, Jardinc Henderson Ltd.; Mr. G. A. 
Whitaker, Empire & Singlo 1>a Ck). Ltd., Dr. 'I'. 
Sarikaian, Commonwealth Institute of Biological 
Control Itidian Station, Bangalore; Dr. N. K. Sogani, 
Scientist, R.R.L. Hyderabad; Mr. S. M. Ispahani, 
Philips Duphar, Amsterdam; Cbl. N. K. Sen, Senior 
Director, Survey of India, Hyderabad; Mr. E. J.B. 
fic Eonseka, Carson C'uruberbatch & Co. Ltd., Sri 
Lanka; Dr. S. C. Dutta, Asstt. Director General 
(ASE) I.C.A.R., New Delhi; Mr. R. K. Renford, 
3 Cht^sington Avenue Einchley, London; Dr. 
S. L. Katyal, A.s.stt. Director General (Hort.), I.C.A.R. 
New Delhi; Dr. K. S. Narang, Vice-Chancellor, 
Patiala University; Mr. J. N. Das, Vice-Chancellor, 
Dibrugarh Univci'sity; Mr. H. R. Salama, Import 


& Export Co., ('airo, Egypt; Brig. S. K. Das, Inspe- 
ctor AS(.I, Army HQ, New Delhi; Mr. D. R. Kohli, 
Deputy (chairman. State Planning Board, Shillong; 
JYof. Dr. W. Gotfrchalk, Universily of Bonn, (Jei’- 
rnany; Mr. R. N. Deognn, James Einlay & Co. Lid., 
Calcutta; Mr. Baldcv Singh, Cliief 'Ecchnology 
Utili.sation, C.S.I.R., New Dcllii : A 1 2 member 
Ercnch 'I ca Delegation including Mr. ). Runner, 
President Connnittee Erancais du I he; Mr. 
Raymond Scala; President Du Syndicat National 
Dcs Importateurs De The; Mr. Jaccpics Liabeul', 
Ingcnieur Agronome l.N.A. Adjoint An Directeur 
General De L.l.ldC.Cd Justice Bahaiul Islam, 
Gauhati High C!ourt; Di-. (). l\ Gautain, World 
Bank Washington DC; Dr. M. K. Molani 
ADG (IDA) K^AR, New Delhi; Mr. K. l.cnz, 
C/o Consulate General of the federal Republic 
of Germany, Cialcuita; Mr. Mir Mozhar Ali, Bangla- 
desh Tea Research Instt., Sylhel ; Mr. A. E. M. Badrul 
Alam, Bangaladesh 'lea Researeli Instl., Sylhet; 
Mr. H. A. Jinpari, Iran-Lahidjan, i’ea Organi- 
.sation; Mr. M. A. Nabaui, Tea Organisation, Iran; 
Dr. B. Ramamoorthy, Emeritus Scientist I.A.R.I., 
New Delhi; Public Accounts Committee led by 
Shri Jyotirmoy Basu, Chairman; Mr. H. N.Chatterjec,. 
Port Engineering Works, Howrah. 

Dr. Tadakzu 'Eakeo, Biochemist, National 
Research Institute of Eea, Japan spent 6 weeks at 
Tocklai working as a Guest Scientist in Biochemistry 
Department. His visit was sponsored by the Ministry 
of Agriculture Govt, of Japan. 



Advisory Department 


General 

The Advisory Ofliccrs rontimied routine louring, 
and organized Area Sc ienlifie ( ’oniinittee Mcx llngs, 
Seminars and Lc'rture (4)uises in their respective* 
areas. 1 he* Senior Start was strengthened by the 
addition of three* Assistant Advisory Orticers and 
this will help meeting the incK^asing demand on 
advisory services owing to incieased membeiship. 
After completion ol their necc‘ssary training at 
'J'oeklai, Mr. K. N. h)utta was posted in the Dooars, 
Mr. M. Md. Farook in the North Bank and Mr. 
S. (k Dcy at 'J’oeklai during )anuary/J'’el)ruary 
197!). rhere was no otfic*!' change* in tire Senior 
Start. 


Table 1. Details of advisory visits in the member 
estates during 197J & 1971 districtwise 


DisUieCs 

No. ol 

visii.s 

(hirinin 


No. ot 

mctiih(‘r 

rslatcs 

visiles! 

tluritif’; 

I’otal 

tiiinibcT 

Mtinhrr 

estates 

ol 



1 974 

1975 

1974 

1975 1974 

•SducIi Itank 

2i\?. 

287 

202 

220 

2(i5 

285 

North think 

ll't 

l.")7 

59 

77 

88 

90 

tiac fia! 

119 

112 

42 

52 

55 

.5t> 

1 )ooais 

1.^7 

191) 

7() 

81 

89 

95 

'I'crai 

2(.) 

28 

1 1 

18 

20 

22 

(iiicludin^ .‘>ikkini ) 

101 

125) 

•10 

4! 

49 

55 

IV.Ial : 

789 

905 

459 

507 

51)4 

1)01 


'J’he Dc'fiartment organised a Joint Area Scierrtilic* 
(Jommitlc*e Mcreting in the North Bank in March 
197.^, which was attended by a large number of 
planters lioin Assam and West Bengal. Scientists 
from South India, Bangladesh and japan also parti- 
cipated in this rnc'cting. 

Visits 

I’he demand on advisory service's continued to 
he heavy and advisor y othcers tric'd * their* best to 
pay at least two visits in a year to each member* 
estate. Special visits were paid to ('slates whenever 
required. The Advisory Olhcers also visited regularly 
experimental sites in tin* tea estates to c nsure 
smooth running ol' the experiments. Besides, a 
number of estates were* visiteddn connec tion with tlie 
Seminars. Table I gives the details ol’ the advisory 
visits in each district : 

'There was an overall increase in the number of 
visits to member estates during the year under review 
as compared to the previous year. A satisfactory 
trend was that more mc*rnbcr* eslate.s utilised advisory 
services during 1974. 


Crop & Weather 

(a) Assam : J'hc' lirst part of the year 1974, 
remained comparatively wet and all the areas 
c'xccpt Moran, Naharkatia arrd 'Tingri hai vc'stc'd more 
leal compared to previous yeiir. The* second quarter 
of the year under r eview was relatively dry and the* 
terrrperatirre r emained high, particular ly drrr ing c'ud 
July and August 1974. During this period most ol the* 
estates irr the South Bank started losing crop heavily. 
How'cver, Irorrr the begirrning of the third quarter 
weather* became favorrrable and continuc'd to re rnairr 
so, which lielped most of the* estates to rc'covc'i the 
loss sustained ear lier during the second cjuar ter due. 
tc3 irrc lernent wc'ather*. 4 he l)ack-end season was 
quite favourable as the rrrercury Ic'vel was cornpara- 
livc*ly high during this tiirre of the year arrd useful 
rairr was also received in most of the* areas. As a 
result, substantial gaiir in back-end crop added to 
the outturn of made tea c'xcept in Doom Doorna 
sub-area, fire early part of 1975, rerrrained droughty 
all over except some parts in Upper .\ssairr. Most 
of the estates, therefore, remained behind in crop 
except some* pockets of Moran, Naharkatia and 
'Tingri. The magnitude of cr op loss dur ing the early' 
part of 1975 varied from high to moderate particularly 
in the estates of lower and centr al .Assam. 
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In Cachar rainfall was well distribiilcd during 
the beginning of 1974 and the estates could make 
exceptionally good crop during the year. Rainfall 
over the period November 1974 to March 1975 
was far below normal and this resulted in drought 
condition which caused a s(wer<* set back to the 
C'achai gardens. 

In general, crop position in North Bank was 
also very good during the year. Some gardens 
suffen'd during the droughty months at the end of 
1974 and early 1975. 

(b) West Bengal: As a result ol well distributed rain- 
fall during the cold weather and spring, 1974 proved 
to be an exceptionally good year for the Dooars 
and l erai. At the ( ud ol the seasr)n, most estates 
made a record crop. 

In Darjeeling the early crop was also very 
good hut there was some short iall during the rains 
because of adverse climatic conditions. However, 
the weather improved thereafter, and a large number 
of estal(‘s made up the loss. 

Unfortunately, the 1975 season started ominously 
with an unprec(‘dent(‘d drought, and a large percent- 
age o( early crop was lost. As tlie drought in West 
Bengal is a i ule rath('r than an exception, a time, 
has now come when the (juestioji ol irrigation should 
be given du(‘ consideration by all concerned. 

Land Planning & Drainage 

(a) Assam : Within the limited i(*sources available 
and tlie conditions [)revailing, increasing trend 
topographical planning and contour drainage 
is being observed both in the .Nortli ik. South 
Bank. Sonu* estates preferred straight line planting 
in lieu of master row system although the drains 
were laid out on the contour. 

In Cachar, level contour drains on teela slopes 
were the standard practice. In the recemt years 
graded contour drains with shallow outlets running 
down the natural depressions have been suggested 
on trial basis. The suitability of such graded contour 
drains with shallow outlets under different soil 
conditions is yet to be thoroughly studied. 


(t>) West Bengal: A number of estates carried out 
level survey of their entire area in order to improve 
the existing drainage and conservation .system, 
and some also started uprooting and replanting 
on a catchment basis. C<ontour drains were being 
provided in new plantations by many estates but the 
planting itself was stddom done on contour, with 
a few notable exceptions. 

Lhidersi/.trd culverts, bridges and outlets continued 
to be the common factors which hamjxned the drain- 
age system of many estates and advice was fre(]uently 
given as to how to overcome these factors. In order 
to stop waterlogging due to seepage, permeability 
lest of soil was also suggested on several occasions. 

In Darjeeling, the situation in respect to land 
planning remaint^d unchanged. 

Tea Husbandry 
Pruning Cycle 

{a) Assam : Most of the estates followed 
three-year pruning eyele (LP-DS-MS). However, 
s()rn(‘ (‘States repla^^cd medium skiff by lighter forms 
of skill' in the tliird year. Estates which adopted 
longer pruning (ych* witli a substantial area under 
unprumal or Icvel-olf-skilf made good profit because 
of higher crop and a good market that prevailed 
last year. 



One year old nursery at 5000' elevation in a 
Darj eling T. E. 

Some estates in Cachar introduced a four-year 
pruning cycle (Pr-UP-DS-UP) whereas some others 
have gone in for even higher percentage of unpnmc 
i.e. above 50%. 
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(h) West Bengal : In Dooars & I’crai, b / 
and large, lour year pruning cycle with 50% un- 
prune or Icvel-olT-skifl' was most common At the 
suggestion of the advisory odicers many estates 
avoided unprune or level-ofT-skilf in drought prone 
areas, and adopted three-year cycle (P-1)S-1)S) 
with advantage. 

'The standard of pruning was not satislactoi y in 
many <‘stat('s, tiu* common laull Ix'ing pruning 
continually at the same height. This resulted for- 
mation ot a knotty pruning table which could only 
be corrected by nunJium pruning, instates were urged 
by the advisory ollicers to leav(‘ at least cm of new 
wood whih' priming at the end of th(‘ pruning cych‘. 

It was a common practice to leave ‘‘breathers", 
“kickers" or "lungs" on buslus which were medium 
pruned or pruned very low (or rejuvenation. At 
the suggi'stions of the advisory odicers, many estates 
left “breathers" on young tea buslu^s also when they 
were pruned following two or three years of ‘stt'p- 
up' plucking. "Bri'athers", tin* estate s claimed, greatly 
minimised sunscorch damage to the frames, and 
also induced better recovery licuu pruning. 

In Darjeeling, it was ol'served that more and 
more estates were' introducing deep skilhng in tlieir 
longc’r pinning cycles to ‘^olve the' [)roblein ol pluck- 
ing lh(‘ leaf in the- lu'avy flushing month of April 
and the second Hush period. ’The Cjuality oi tea 
made fi‘om deep skifled areas was also rciiortcd to 
be uplo the mark. 

Pluckicig 

(a) Assam : The member estates followed the 
tipping allowances normally recommended by us. 
However, with the enrolment of ne w members, it 
w as observed that the tipping allow ances followed by 
them after various types of priming/skiiring nc'cded 
drastic corrections. 

As mentioned earlier, the impact of our advice 
on plucking had paid dividends to estates who 
follow(‘d it. Constant advice to pluck hard and 
black continued in areas where teas w'crc left either 
unpruned, light/level-off or medium skiffed. It 


was emphasised that this type of plucking was parti- 
cularly necessary where pioduction of quality teai 
was of' j)rin!e imponance. 



Recovery from Rejuvenation in a South Bank Estate 


Step-up ])l licking, wherever followed, in suitable 
sections gave gvKxl results in the following year 
when the l)ushes were left nnpruned. Dnring the 
acK'isory visits to estates, it was ohserved that in some 
c.icMs st(‘f)-up plucking was being Irictd without 
forward ])laimiiig about prnniiig.sl ifhng in the 
yc'ar to follow. I his point was c leared by the: Advisory 
Ofhc'cas that no useful purpose* would servv* to jiraetise 
stc p-np plucking in arc*as whc'rc* the biishc*s were 
to be j^rnnccl in tlie following year. 

.\(\cTtliclc‘ss, there- has bean some- criticism of 
st('p-np pluc king in mature- tea frccii some- cpiartc-rs. 

I lic- reason was llial although the- time of slc-|)ping 

suited well with the- labour availalhlity but it 
l)c-camc difhcnli to maintain an t:vc-n plucking table* 
after the stcpjhng up, which was c.Klrcmcly ncc(*ssary 
for obtaining the full benc-lit from that method. 

In Cae-har, step-up plucking was not advocated as 
a general practic e, either in light pruned, medium 
pruned or unprunc'd teas as there was a possibility 
of the formation of comparatively thinner primaries. 

{b) West Bengal ; In Dooars & 'Ferai, many 
estates tried step-iip plucking in pruned, deep skiffed 
anil unpruned teas where the tea would remain 
unpruned in the following year. This system, it was 
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reported, worked wtll, particularly in vit^orously 

j^rowing^ youngish mature tea. 

I'hc sliitidard of pliickinir was generally not 
very satisl'aciory. llie conunon faults were (i) too 
rapid rise in jdurking tai)le and (ii) sides of the 
bushes plucked below the gcinaal l<*vel of lippini^. 
In a few eases, y^Iuckiug was considered too hard, 
iherc being hardly any rise in the plucking table 
at th(, end of the season, and the bushes had a sickly 

appeeU'anc(‘. 

In Darjeeling, more and more estat(‘s realis(‘d 
that plucking round should be adjusted to the rate 
of growth because a iinilorm standard of leal could 
then be maintained. Many estates who followed 
this system found that (here, was a signilicant reduction 
in stalk in tin* made teas, esp(‘cially during the rains. 

Rejuvenation 

(a) Assam : Rejuvenation f)runing has been in 
progr<‘ss in Assam Valley Ibr the last lew years as a 
supplement to uprooting and rejrlanting. Wheie 
it was donc‘ yiropcrly i.e. after n'sting, manuring 
etc., the recovery was satisfactory. 

In Cachar, rejuvenation pruning was done in a 
few estates with good I'esults, 

(/?) West Bengal : I n Dooars lerai, many 
estates ( arried out rejuvenalir n pruning during the 
yeai'. 1 he recovery lioiu pinning had geneially 
lK!en found to be quite satisfactory. Isncouraged 
by the good recovery from such a pruning, many 
estates were considering a heavy medium pruning 
in order to establish a low' and clean bush frame 
free from diseases and knots. Such i. pruning, of 
course, had to be supplementi'd with intensive 
infilling. 

In Darjeeling, heavy pruning for rejuvenation 
of old tea was very common but little, if any, infilling 
was done. 

Young Tea 

(fl) Assam : In Assam valley, a deviation from 
the low tiy)j)ing and step-up plucking of young tea 
continuously for three years, introduced in the year 


before last, appeared to have some merits from the 
point of bush development. However, (he time to 
u.se the knile after first centering/lung pruning is yet 
to be linalised. It would be of interest to mention 
lure that the practice of pegging the young tea 
during the first yi'ar is on the increase. In upper 
As.sain where thegrowlh rateof young tea is compara- 
tively fastcir, this method ol bringing up young tea is 
gaining ground. 

(/)} West Bengal : In Dooars 'I’erai, plugging 
combined with step-up plucking u'as tried out by 
many i‘stal(‘s to get a good ground cover as quickly 
as possible. Pegging, no doubt, induced an e.uly 
s[)read but it was found to be qniti* (*xpensive by 
many (‘statt's. l''urtherinorc, wIkui' iriigation facili- 
ti(‘s were* not available, pegged bushes snlfcred 
severely during (he drought. Step-up plucking and 
pegging was discourage;! on estates where the plants 
were not vigorous and w'ct'd control was iinsatis- 
lactoi y. 

In some new plantations, the spac'c bctw'een lh(‘ 
rows was reduced from 120 cm to 105 -lit) cm. Bush 
population varied bctwinm 1 2,000 —20, ()0()/ha. 

In DarjeiMing a very small area was replantial 
during the year. E\cei)t in a few estate's, the managi'- 
ment of young tea was generally unsatisfactory, 
rhe estates w'(‘re n'lninded by th(‘ advisory officer 
that for better growth, the young tea must be' kept 
free fre)ni weeds, pe'sts and diseases. 

Planting 

fe?) Infilling : In addition to infilling of yeiung 
tea and block infilling of mature t('a in semie estate's 
in the Assam valley, me ire emphasis had lie'cn give'ii 
te> infill the^ medium pruiu'd and rejuve'nated sections. 
The planting materials use'd were d'Vl, TV9, 'TV 18 
& Stock 203. Incre^asing interest in infilling of mature 
tea was also observeul in (dachar. 

Infilling was quite common in the plains eT 
West Bengal, especially in the Doeiars. The advisory 
ofliia-rs put a lot of emphasis on infilling of medium 
pruned and rejuvenated sections. The materials 
commonly used for infilling were TV9, TV 18, Stock 
203 & Dangri Manipuri, 
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In Darjeeling, very liltle progress was made 
towards infilling, although its imporlance was re- 
peatedly pointed out by the advisory olfcer. 

(b) Uprooting & Replanting : In Assam 
Valley, uprooting and replanting has been going 
on side by side with extension planting. However, 
with the piomulgation of the Land Ceiling Act by 
the Covernment ol Assam, (‘states an* laying more 
emphasis on extension rather than uprooting and 
replanting. 

K(‘hal)iIitation alter upio(jting lias be(!n accepted 
widely but tlie period of K'habilitation yet remained 
debatable, particularly in the (‘states of Upper Assam. 
Guatemala and Mimosa irwisa continued to be re- 
toinmendi'd as rehabilitation crops. l''iConomi( 
considerations, however, made Citronella preferable 
to oth(‘is as a rehabilitation crop in some estati^s. 



Rejuvenation pruning in a Cachar Estate 

in Ciacliar estates where land lor lurthei e\i(‘n- 
sion is extixrnely limited, stress has been given to 
increas(‘ the rate ol replanting than what is being 
practised at present. 

In West Bengal, ccoiujmically bctter-olf estates 
continued uprooting and replanting more or less 
at the same rate as before. Otliers were hesitant to 
undcitakc uprooting work for fear of immediate 
loss in crop, d'his was very much true for Darjeeling 
where virtually no uprooting was done. 

Propagation 

(a) Vegetative Propagation : fn Assam valley, 
clones like dV 1 1, W 14, W 17, TV 18, TV 19 & 
TV 20 are now being tried. TV 18 is gradually 


taking over from IV 9 mainly for the purpose of 
infilling. I'V 1 has been used widely. In addition to 
these clones, other company clones such as P-1 26/A, 
Leen-Ali 17, S3A/3, CP-1, N-436 etc. are being 
planted otU. Keyhung (doiies and some other clones 
select(‘d by various companies are al.so being gradu- 
ally accept(‘d. Locklai released clones, known to 
have drought iTsistance eaj)a(ily, liavx* been advo- 
cat(‘d for Cachar. 

In Dooars & lerai, a signilicant improvement 
had been made in the t(‘chnique ol vegetative pro- 
pagation i.e. raised beds under north light overhead 
shad(‘ had given very .satisfactory results, and pro- 
pagation in sunken beds is steadily on the decline. 
Polythene sleeves were expensive and, ther(‘fore, 
many estal(‘s were forced to raise plants in beds. 
It was reported that the estates which planted cuttings 
first in rooting beds and then iransferred them to 
sleev(‘s. obtained belter suctess at a les.s(‘r cost than 
planting directiv into sleeves. 

The popular clones were 'I V 1, I V 9 TV 18, 
though it was becoming appaient that estates were 
not all that keen on TV 9. Diought resistant clones 
such as 'I V 12, TV 14, 'I V 16 & 'I V 1 7 weiT also in 
d( luand. 

In 1 )arj(‘cling, the hrading estat('s increased 
their activiti(.*s in vegetative propagation and made 
commendable elforts to establish clones v\hich were 
suitable for Darjeeling. I'he (loncs leleased by 
l ocklai were also ma(l(‘ availai)le to estal('s who 
weic not members of the Tea Research Association, 
but even then, the int(‘rest shown by tlunn was 
l athei j)ooi . 



Contour planted tea in a Darjeeling Tea Estate 
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It was emphasised by the advisory officers that 
<^vcry estates must make an effort to try all the seven 
clones which received interim certificate of approval 
from the Tea Research Association. Unfortunately, 
the response to this advice was not encouraging. 

{b) Seeds : In the Assam valley clones were 
used for large scale planting either in extension or 
uprooted areas although some of the smaller estates 
are still using commonly available seeds. In (lachar, 
Stock 20.'^ seeds were used in many estates both for 
infilling and new planting. 

In Dooars & Terai, Stock 203 was in great de- 
mand, so was Dangri Manipuri — a hardy jal. Plan- 
ters were no longer keen on using light leaf Assam 
jats which, in general, proved to be unsuitable for 
the Dooars and the 'I'crai. A few estates had estab- 
lished biclonal stock 449 seed bari in the Dooars. 
It appeared that this stock would be quite suitable 
for West Ih'Mgal. 

In Darjeeling, there was a great demand for 
stock 37H (Nanda Devi), but only 42 units could be 
supplied during 1974. It is, however, expected that 
the supply of seed w<)uld go up in the near future. 

Fertilizers 

(a) Nitrogenous Manures : There were some 
cstat(!s in Assam who applit'd nitrogenous manures 
at a much higher rate than recommended by 1 ocklai 
i.e. more than 90-135 kg N/ha. In the Dooars and 
Terai, the rate of nilrog(!n application varied from 
80 135 kg/ha. In Darjeeling, estates were advised 
not to increase the rate of nitrogen application, 
unle.ss they were confident to harvest extra crop due 
to higher application. 

Some estates in Assam valley, Uachar and 
Dooars were continuing with .split application of 
nitrogen in mature tea though we did not observe 
any beneficial effect of split application in our ex- 
periments. 

(b) Potash Manuring ; Potash manuring 
continued in Assam on the basis of soil analysis. 
In odd places, however, no response from continued 
potash application cither in re.spect to crop or soil 


potash build up was observed. In Cachar, some 
estates did not follow our recommendation on 
potash manuring. 

In Dooars & Terai, the progressive estates followed 
our recommendations, i.e., 40 kg KjO/ha every 
third year. High rates of potash application were 
often advocated in sections where potash deficiency 
symptoms were discernible. 

(c) Foliar Application of Urea & Zinc z 

In the Assam valley it was pointed out that the 
foliar application of urea on mature tea could be 
beneficial when the bushes could not take up this 
mitri(‘nt through the roots i.e. during the dry period 
in early part of the year or towards the end of the 
season during September/October where bushes 
might have sulfered from waterlogging. In the 
Dooars & Terai, foliar application of urea during 
the early and l)ack-(‘nd season was very popular. 
Even in Darjeeling, foliar application of urea wa? 
made by several estates during July to Tebruary, 
thus avoiding the first and second flush period. 

Zinc sulphate had been sprayed widely in Assam 
Valley and the results were variable. In tho Dooars 
and 'Terai, foliar application of zinc was tried by 
many estates on unpruned sections. 'The effect of foliar 
application of zinc on quality of made tea was under 
investigation both in Darjeeling and in the plains. 
The estates in Darjeeling were advised not to apply 
zinc during quality period. 

(d) Manuring of Young Tea ; Manuring of 
young tea was rather liberal in many estates in 
Assam. It appeared that estates were in a hurry to 
cash the return from the young teas, particularly 
where bushes are pegged and combined with low 
tipping and step-up method. 

Weed Control 

Due to shortage of herbicides like Gramoxonc, 
Simazinc etc., the programme of chemical weed 
control was affected adversely in some estates in 
South Bank. Having no other alternative left to 
them, the estates combined sickling with the herbi- 
cide application to keep the areas as clean as possible. 
Frequent enquiries were made for new herbicides. 
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particularly to control weeds like thatch, Polygonum 
chinense^ Seiaria palmifolia etc. It was rather unfor- 
tunate that although a couple of new herbicides 
showed promising results in the trials conducted last 
year, these could not be recommended because of 
their nonavailability. 

In Cachar, because of its short supply some 
estates were using more dilute solutions of Gramo- 
xonc than normally recommended by 'I'ocklai. 
'fliis was done just to cripple the weeds during the 
growing season and the results appeared to be 
satisfactory. 

In the North Bank, some companies were trying 
their own cocktails of diH'erent herbicide's. How- 
ever, the Advisory Ollice'i stressed on the use of the 
proven cocktails recommended by lYuklai. 

In general, estates in Dooars and Terai made 
good progress in chemical weed control. Many 
estates in Dooars and I’erai tried using the herl)icides 
at less than the recommended rates, but th<; results 
were far from satisfactory in the long run. d’he 
herbicides most commonly used were (jrarnoxonc, 
2,4-D, Dalapon and An.sar 529, though the last 
mentioned herbicide was not recoinmernh'd by 
"i’ocklai. d'hc use ol Simazine was popular in the 
nursery. 'The resistant weeds, like Polygonum spp.^ 
Diascoria spp. were removed by hand. In Darjeeling, 
a few ('States carried out chemical weed control. 

Mulching 

In addition to ( Juateniala, Napier and Altrnosa 
invisa, use of preu’essed Gitronella leaves for mulching 
young tea was found to Ixx'ome popular in Assam. 
Wheic. mulching material was in short sufiply, 
estat*»s went in for paddy straw etc. with an additional 
dose of 20 kg N/ha as recommended by us. Use of 
other materials like water hycinth, wherever avail- 
able, was also noticed. 

In the Dooars and I’erai, most estates tried 
their bc^st, to mulch their young tea areas. It was 
made known to the estates that besides giving nutri- 
tional benehts, mulch was the first line of defence 
against drought effects. 


Shade 

Indigofera leysmanii continued to be the 
predominent temporary .species in all areas. A 
clo.se spacing was advocated for this species. 
However, the estates were advised to lop the treers 
irequently during the growing season so that at no 
lime the shade becomes too heavy. In Darjeeling^ 
this species was used succc.ssfully in a few estates at 
lower elevations i.('. below 700 metres. 



Tramline Pegging 

In Assam and Dooars, the most favoured per- 
maiH'iit species were' Albizzin odoraUssima^ Albizzia 
libbak, Derris robusta. Acacia lenlxcularis. Flstates of 
Dooars and I’erai reintroduced Albizzia chinensis 
as a shade tree. Instates, where Dalbergia sericea was 
introduced as a new shad(! in the South Bank, could 
not make full use of it, because of the dilficulty in 
germination ol sr'cds. It was heartening to note 
that in Gachar, the urgency of establishing per- 
manent shade nursery for rehabilitating the exist- 
ing poorly shad<'d areas was felt by some estates 
and accordingly, initiative was taken in this direction^ 

Limited availability of fire-wood forced some 
of the estaU's to go in for thinning out the existing 
shade trees in tea areas. It was, however, advised 
to thin out judiciously only those areas where the 
shades were heavy. It was also stressed that fire- 
wood supply to the labourers should not be the 
overriding faclorfor thinning out shade from teaareas. 
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In the Dooars and Ter 2 u, unshaded and poorly 
shaded sections wen* invariably tbund to he suscepti- 
ble to nxl rust and mite attacks. Ihe incidence ot 
sunscorch damage to branches was also high in some 
such sections. 

Shade is generally not recommended in Darjeel- 
ing at ehwations higher than 700 metres. H<;wev(‘r- 
the advisory officer had found it useful for estate, 
to establish a light shade in mid elevations, especi- 
ally in southern and western aspects because it 
reduced drying of soil during the drought period, 
tended to check landslides and reduced tin* inci- 
dence of mite.s. 

Pests & Diseases 

(a) Pests : In Assiin, insects like loopc^r, bunch 
caterpillar, gre(‘n fly, etc., were seen during the 
first and the last cpjarter ol the year under review 
(i.e. April 1074 and March I97.‘i) in (Ih* vSouth 
Bank. 

With th(‘ cemtinuation of droughty period in 
early 197.5, red spider and other niiti‘s wiae on the 
increase. Prophylactic spraying against mites conti- 
nued and moi(‘ rounds ol palliative spraying had to 
Ik* given dining early 197r) to k(Tj) mites under 
control 

Microcerolennes (livewood eating termites) comi- 
nued to be a major [)(*st in ( lachar district and it 
was stressed by the Advisory Olficer to use insec ticides 
to control this pest. Some of the progressive estates, 
however, start(‘d spraying against this pest. 

Tn tlie Dooais and d’erai, the incidence ol red 
spider was less than in the previous year. Howevta, 
scarlet and jiurplc mites wen' in abundance in many 
estates, d 'll rips, helopeltis, red slug, looper and 
coekcliafer were! noticed in a few estates and they 
caused a considerable k>ss in cro[). 

In Darjeeling, red spider and other mites conti- 
nued to pos(! problems to tfiose estates which did 
not take timely action against these pests. Ilelopei- 
tis was on increa.se and a few' estates were badly 
affected by this pest during October and November. 
Jassids and thrips also caused considerable damage, 
but these were controlled after the quality period 
was over. 


{b) Diseases : While red rust and black rot 
w'cre on the increase in South Bank, regular and 
timely spraying of copper lungicide as well as 
ameliorating the predisposing causes continued to 
be a part of our advice. In the North Bank there 
was a satisfactory tn'nd in the reduction of red 
rust incidence. Whereas, in Cachar it continued to 
be a problem in the Hat areas where drainage was 
not ad equates 

The primary root diseases were a great problem 
in the North Bank. Members wck' reminded about 
the st'riousness of I he disease during advisory visits. 
In the South Bank, red root rot [Poria hypolaleritia) 
was ob.served for the first time in oiu' estate in Uppei' 
Assam. 

In tin* Dooais and 'I’erai, it'd nisi and black 
rot were the common diseases, but iheir incidenci* 
was less than the previous year, Blistei' did consi- 
derable damage [<' lea in Darjeeling, because in 
most ('ases adi'iinale control measures wei'c not 
taken. Planters felt that a good ‘sticker’ would b(' 
of great help whih* sjiraying against this disease' 
during rain. In fact, a few estates tiied '‘'Pritoii" on 
their own and claimed to hasi* obtained satislactory 
remits. 

Advisory Out-Station Plots & Experiments 

rin* plots at the outstations and at Tocklai w'cre 
maintained Ibr tlistribution of cuttings of Tocklai 
ri'h'ase clones to thi* membi r estates. 

[a) General : Buslu's in the plots at Nagrakata 
were sevi'rely alfected by the' unprec'edented drouht 
during 1974-75 lold weather. The damage gas 
e.xtensive and serious, paiticularly in unpruned 
plots wht'K' a number of bushi's died. Then' were 
signilicant variations between clones planted in 
those plots with respect to drought ri'sistant charac 
teristics. Clones TVl, 'TV12, 'TV14, TVIG & 4’V17 
were geni'rally found to be fairly drought resistant. 
Whereas, TV 18 and 'TV9 weie severely affected 
by the drought in some plots. 

(h) Release of Tocklai Clones : Ihe details 
of distribution of cuttings, scioms, generative clones 
and seeds froiii various Outstations and Tocklai- 
to member estates aie given in Table 2. 
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Table 2. 

Distribution of cuttings, 

scions, generative clones and seeds from various Outstations and Tocklai 

Outstations 

\M*. (Innings 

St ions (Jcneralivf cuttings (jt-rirralivc .scif)ns 

Plants 

Srctl 

ISouiii Hank ( l ot 
Norih Hank 

Cat liar 

Dooars & 5’rrai 

klai) fbU’WI 

I SiDtU) 

1 

69001 0 

1()90 ^ . . 

1715 i;i9()() 2;lo 

20 

210 

5 Units t)t stock 


lulls 


(c) Establishment of new clones at Nagra- 
kata for future release : Scions of 5 cloin s were 
broviglil from 4’ocklai and grafted on 'I'VIO l)nshcs 
in Juni‘ 1974, for llie |)iir|)os(‘ of innllioliealion. 
'J’hesi* till e(‘ clones w(MT, 4/1), 124/41/41 and 12 l /r)!)/2r). 
'J’lie grafting was successful in n spt'ct of all tin' tlina' 
clones and it is anticipated that a good nuinfjei' of 
cuttings will be available in 1975. 

(d) Green Leaf ; (been leaf harvested from 
different outstcition plots are stated l)c:low : 


(iv) Hiclonal stock trial (1974/75) with stock 
IbO, 4b 1, 4b2, db.'b ■1b4, 449 (already 
!•eI(‘ased), .‘)78 (Naiida Devi —already 
released foi* estates in Darjeeling) and 

cion(‘ rv 1. 

(/) Quality Testing Scheme (Dooars) : 

I4)ur clones weie ollei‘(“d for testing during 1974 
and these wert* planted out in the plots in autumn 
1974. ]i('sidt*s thes(‘, pretreated cuttings of five 
clones were received from four estates in (laehar. 


North Bank 

Ciachar 

Nagrakata 


3583 kg 
4439 kg 
25770 kg 


(e) Experiments : Look-see plucking trial, 
which wej> laid out in tin* advisory plot in (.'achar 
and reported in the Annual Scientilie Report 1973-74, 
Page 13, continued during 1974. All the plots w('r<‘ 
unpruned in 1974. 'r(‘a plucked at 20 cm, 
following the top prune during 1972-73 cold w(*ath(ri, 
gave the higliest yield. 4’he second best ticatunait 
was tea pluck<‘d at 10 cm and then laised by another 
10 cm in early August 1973 following a toj) prune. 
'rh(' h)W(‘st yield was obtained from the tK atment 
in which tea was plucked initially at 15 (in and 
then rais(‘d to 20 cm in early August, 1973 following 
a lop prune in the previous cold weathei'. Fhis 
trial will be continued to complete tlu‘ pruning 
cycle. 


'I'he following trials were in progr(‘ss at Nagra- 
kata Branch. 


(i) Agricultural trials with dilferent clones 

(1967/68). 

(ii) Agricultural trials with different elon(*s 

(1973/74). 

(iii) Nitrogen response to difl'erent clones 
(1970/71). 


Routine work continu(‘d in the 1969-70, 1971 
and 1973 trials. 

Clonal Proving Station, Darjeeling (Ging T.E.) 

(a) Trial B, C, D, E &, F : Yield i (‘('ords were 
maintained and observations on growth u'(T(‘ conti- 
nu(‘d. A total of 1,178 samples w'cre manufactured 
during the year. 

ih) Trial G : riiis trial was planted w'ith seven 
clones during the year undei' review. 

37 clones and two bi( lonai stocks were under trial 
at the CHonal Proving Station. 4'heir yielding capa- 
city and ( up characters were Ixang comjjared with 
Nanda Devi l)ielonal standard and a nearby (4hina 
hybrid section of Ging 'l ea Estate. 

(/■) Factory : Some modifu'ations w(Me made in 
the miniature factory at Nagrakata to improve 
drying, 'i'he faetory at Ging I'ea Estate w^as in full 
operation from the start of the 1974 season. 

Field Experiments on Tea Estates 

During 1974, twenty two experiments on three 
aspects, viz., rejuvenation, infilling and plucking, 
were laid in the estates of Assam and Darjeeling. 
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A complete and detailed list of experiments, conducted 
by this Department, is given in Appendix A. 

I he number of experiments conducted in various 
districts during 1974-75 is given below. 


South Bank . . 20 

Noi til Bank .. 12 

( 'achai .. 12 

Dooars 'Ferai . . 52 

Darjeeling .. 15 


Joint Area Scientific 
C!ommitt( c Meeting . . 1 

With the Area Scientifu: (Committee meetings, 
open sessions were also held for the planters of the 
area to discuss the local problems. 4'hese proved 
to 1)(‘ uselul platforms for free exchange of ideas 
bit Weill the planters and the Scientific Stall. Fhese 
open sessions were very well attended. 'Fhc details 
ol the Simiinars held during 1974-75 are given below. 


Yield Survey 

A survey was undertaken in the estates of Dar- 
jeeling by the Statistics Department in October 
1974, in collaboration with this depaiTincnt. 

Area Scientific Committee Meetings/Seminars 

1 here are nine Area Srientilic (Committees in the 
tea districts of North-fCast India. 'Fhc number of 
meetings held in the various districts is given below. 


S >uth Bank Jsast 
South Bank (Central 
South Bank West 
North Bank East 
( Cai har 

Doo'iis 


: One seminar on plucking 
: One si^rninar on plucking 
: One seminar on plucking 
: One seminar on pruning 
: One seminar on drainage and 
One .seminar on Manufacture: 
: One .seminar on plucking 


South Bank East . . 2 

South Bank ( Central . . I 

South Bank West . . 5 

North Bank East . . 2 

North Bank West . , 2 

(joint meeting of 
North Bank East & West) 1 
Dooars . . 5 

'ferai . . 2 

Darjeeling . . 5 

Cachar , . 2 


Lecture Courses 

I hrei* courses, eacli of five days duration, on 
“Surveying & Drainage” for the planters and one 
course ol tlirce days duration on “Drainage” for the 
Government Approved Survivors were held during 
the year. The roursiis were well attended. 


'I'hrcc short lecture courses on various aspects of 
tea were held at tea district clubs and one short 
lecture on nitrogen manuring was arranged at 
'Focklai during the period. 
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Summaries of a few inten'Sting experiments, 
conducted by tin* D(‘[)arlment, are given below, 

(^0 Infilling Experiment in Dooars and 
Terai (Nos. D. 37, D. 40, D. 41, TR. 3 & TR. 4): 

Combined analysis oi the liv(! infilling experiments, 
eondueted in the I Sonars and 'IVrai from 1969, 
showed that in 1974, the inerease in yield dm* to 
infilling the vacaneies (done in 19()9) in mature tea 
was, in general, signilieant over no infilling ('I’able 
3). Infilling with Clorn* 'I'V 9 in a hedge at 3 plants 
per vaeaiiey ('1'-/) increased the yield by 13.2 per cent, 
Ibllowc'd by 9.3 and 9.1 per e(‘nt inerease Ironi single 
infilling \n'i vacancy with sc'edlings and clones 
respectively over control (/Table 3). 


Tabic 3. Average yield of made tea during 1974 

Tiratmcrif t«‘U 

in kp/ha 

No infilling ( I i) 

Infilling nidi srrcllings at I plant per vac ancy ( r 2 ) 

Infilling with clone TV 9 at 1 f)lant per vacanev ( l a) 

Infilling with seedlings in a hedge, i.(“. double the 
nninher o! plants per vaearn y plus one* { I ^) 

Infilling with clone 'I V 9 in a he dge, i.e. double the 
miinber ot plants pet vacancy plus one (Tr,) 

T.S.I). (P .0.'*)) 

(P 01) 

c:.v. (%) 

(/;) Nitrogenous Manuring Experiment in 
Dooars (No. D. 33) ; This experiment was started 
in 1966 in the Dooars on sandy loam .soil and die 
results Tor 1974 are presented in 'i’ablc 4. From the 
table (/J’able 4) it can be .seen that 220 kg N/ha in 
eight equal applications (T«) produced significantly 
higher yield over all the other treatments except 
110 kg N/ha in two equal applications (’Fi). How- 
ever, all the treatments except 110 kg N/ha in four 
equal applications ('T^) produced significantly 
higher yield over no nitrogen (! ]). 


119 

l()3 

6.7 


1772 

PHI 

1931 

1H91 

2042 


Summary of Results 

Application of potash (a] 200 kg KjO/ha failed 
to increase yield over no potash application. 

Table 4. Average Yield of Made Tea during 1974 

Made 'Pra 


I realnienls in kg/ha 

No fertili/er ( Pj ) 2311 

I 10 kg -N/ha in one applii alion ( Po) 2696 

220 kg .N/ha it) niu* application ( 1 :i) 2t>71 

1 10 kg \/ha if! I wo epual ai)plieations (14) 2790 

220 kg N/lia in two e{|ual ai)pli( ations ('P^j 2727 

I 10 kg N/ha in Ibiir (<pial afjplit ations ( I’u) 2().')8 

220 kg N7ha in Ibui e(]ual applit ations ('l^) 2679 

220 kg N/ha in eight etpial applit ations ( 44 ) 3111 


P.S.l). (P .()'■)) 3r>i 

Co) 


(<■) Clonal response to nitrogen in Dooars 
and Cachar (D. 24 & C. 20): As in the previous 
years TV 18 gave significant ly higher yi(9d than all 
other clones during 1974. TV 1 followed TV 18 in 
its pet formance and was superior to TV 2 & TV 3, 

Til ITioars, all the clones under diffcTcnt doses of 
nitrogen [nodncc'd significantly higher yiedd over no 
nitrogen. When the rate of nitrogen was raised from 
35 to 1 10 kg/lia, the yield of clones I’V 2, TV 18 and 
3/22 increased significantly. 'Then* was, however, 
no appreciable gain in yield from all the clones, 
wh.en the nitrogen dose was r?J.sed from 110 to 
163 kg/ha. 

'The main effect of nitrogen and interaction 
between clones and nitrogen were not significant in 
Cachar. 

{d) Pruning cycle & severity of sldfif (Dj.24)t 

During 1974, out of the twelve various pruning 
cycle treatments, three were light pruned, six were 
Icwel-ofr-skiffed, two were deep skiflfed and one 
remained medium skifTcd. Level-ofif-.skiff produced 
significantly higher yield over light prune, deep 
skiff and medium skiff. However, there was no 
significant difference in yield between deep and 
medium skiff treatments. 
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'flic pori(Kiic crop distribution under difFerent 
forms oF skifF showed that Iight<'r forms oF skilF pro- 
duced more early season crop as well as the whole 

season crop in 1974. 

(e) Foliar Application of Zinc : Results ot 
the twelve expetinieiils eoudiieted (hiriniir J!)74 at 
Iwe/ve difren rU sites in Assam (including ('ac /i.ii ), 
Dooars and l)arje('ling slio\v(‘(l that .ipplication ol 
/inc 0/: 59 kg/ha inci tased (lie yield by 5.5 pt i cent 
over no /ine, Followed l)y5.2 percent and 2.4 per (cnt 
from 12.5 and 25.0 kg/ha respectively (Fable 5). 
'I'his increasing tr(*nd in crop out tin ri was obsc rvid 
in all the Kgions. 'The sami* (|uaullly of /ine was 
appliid in four equal instalments during the glow- 


ing season. 1974 was the first year of the experiment 
when the tea was din^p .skilled. 

Table 5. Average yield of made tea during 1974 


Mad(‘ 'IVa J^TcrnCigc' increase 


'JVcatnirn/ 


in kg/ha owr no /.inc 

!)(( /.inc'lui 

(' 4 ) 

2! on 5.5 

17.!) /.iiu /l);i 

(r,) 

2051 5.2 

25 kij: /inc/lui 

(l':i) 

2100 2.4 

No. /inc 

(T,) 

1901 — 

J.-S.l). ( 1 > .()?->) 


N.S. 



H . 1 


‘X.S.’ not signiliciuit- 
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Planting and Spacing 

'I'hr lhr(‘r cxpcM'iincnts on spacing, viz., li M/I, 
\\j2 and H 104 (onfinucd in 1974. A new (‘.xp(ni- 
ment on spacing in fan design was planted in July 
1974. In ihis cxjarinKnit spacitigs langing from 
If) ern square* to l.'iO cm square* are* being sludi(‘d. 

M/1 is :i. I'actorial expe^riinent slarte'd in 19b() wi(h 
four spin ings, two clones ('I’V 1 and TV 9» and 
thn*e Iev{‘ls of nitrogen. In this e.xpeiirncnt nf> intcr- 
actie)n of spacing with clone and nitroge'ii was ob- 
served. I’he main ellect ofspacing is givem in I’ablc 1. 


Table 1. Effect of different spacings on yield of made tea 
(kg/ha) 



\ ear 

I<)75 

1071 

'I’reatnH*nl 


l,I» 

DS 

1/0 cni 

22.5 cm 

le)a7 

2215 

120 ( in 

2.0 ( in 

1141 

1 BM 2 

J20 rni 

1 5 em 

1 1(.2 

187 ) 

120 cm • 

00 cm 

1 Kit) 

K.20 

c:.l). at v. 

05 

271 

2 t)l 

C.V. 

, 

22.1 

1 (). i 


'I’he yi(*ld trend is the same in both the yextrs. 
The closest sj)acing gave the highest yield and tlie 
widest spacing gave the lowest yield. 

'J’he otlicr c'Xjjcrimeiit (H H/2) on^ jat tea was 
started in 196b and the following results were ob- 
tained (Table 2). 

Table 2. Effect of different spacing^* on yield of made 
tea (kg/ha) 


'IVcatiiK'nt 

Year 

1072 

LP 

1074 

DS 

120 cm > 

120 cm 

1042 

1505 

120 cm > 

00 cm 

1115 

1025 

120 cm > 

00 cm ((doubleton) 

1 182 

1702 

120 cm / 

75 CIO 

1094 

15(72 

120 cm X 

60 e rn 

1198 

1082 

120 cm X 

75 cm X 75 cm 

1281 

1844 

(1.1). at 

lb{)5 

127 

155 



7 . ^ 

(».2 


It is iiitcr(\sting to note that 120 cm X 7.5 cm x 
7.5 cm spacing ga\(‘ the* highest yield and was signifi- 
cantly be tlei' than 120 cm - ()0 cm spacing, although 
the plant jjojnilation in thi*se two spacings was 
apjjroximately tfic same (15675 and 1 38MM> respe‘cti- 
ve'Iy ). 


In the othe*r ex))('rime*m H 104) |)lantcd in 1957 
the efl(*ct oi dillcK'nt spacings on yie-ld was not 
signilirant. 


Plucking 

4’h(* results ol the* plucking expe*rime*nt (B 112/lj 
vve-re* re‘j)orte*d earlier. 'I’ln* up to date* re'sulls are* 
reeenelcd in Table* 5. 


Table 3. Effect of plucking methods on yield of made 
tea (kg/ha) 


\\ ithoiii h'okni With broken l)a( k 
l)a( k leal l(‘al 


Treat menl 5'e.o 

1072 

1072 

1074 

1072 

1072 

1074 

1 . 1 * 

IP 

DP 

I.P 

IP 

HP 

I'l* I’liick bhu k (o 







j.mam 

1851 1 

2701 

2821 

1851 

27t)l 

2821 

'iX- Plot k standaril leaf 
no breakiiiu: liaek 

1 225 

1048 

2142 




'1'8- Plui k staiid.ird OmI 
and bn ak ba( k tn 
janam 

1212 

lt .22 

2221 

1828 

2228 

2708 

1 4- l*lnck standard leaf 
ovee Osh I(‘al no 
bn*aking back 

1 lt >0 

1708 

2101 




I 5 - Pluck standard leal 
over fish h-af break 
bac k to level nil 

1240 

1721 

1012 

lt)17 

2214 

244Z 

(l.D. at P. 05 

121 

174 

182 

134 

102 

lt )0 


t ).0 

t ) , 5 

5.0 

0.2 

5 . 4 

4.0 


Broken back leaf in treatments 'I'g and T. was 
n^eorded separately. Yield records of treatments 
with and withe)ut broken back leaf are given in 
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table 3. Fish leaf plucking gave lower yields than 
janam plucking. When yields, inclusive of the broken 
back leaf were compared, no significant difference 
was found between Tj and Tj in the pruned year 
(1972) whereas in the first unpruned year (1973) 
black plucking gave significantly higher yield than 
standard plucking. Again, in the second unpruned 
year (1974) the difference between these two treat- 
ments was not significant. 

Manuring 

A number of experiments on different aspects of 
manuring arc being conducted at liorbhetta. I he 
results of some of these experiments are briefly dis- 
cussed below. 

Nitrogen Manuring : A critical study of some 
of the experiments on nitrogen manuring showed 
that nitrogen dose beyond a certain level might 
be harrnlul in the long run. d’his phenomenon was 
very clearly brought out from the results of experi- 
ment No. B 8/1 on unshaded clonal tea. In this 
experiment 100, 200 and 300 kilograms of nitrogen 
per hectare weie tried. Idle results are given in 
'Fable 4. 


Table 4. Yield of made tea (kg/ha) 




Year 1970 

1971 

1972 

1973 

1974 

'rrratnu'fU 

1)S 

MS 

LS 

LP 

DS 

100 ku N/ha 

1090 

133h 

2140 

1404 

1990 

200 kg N/ha 

1331 

1090 

2510 

1544 

2000 

300 kg N/ha 

13(>0 

1028 

2430 

1209 

1059 

C. D. at P. 05 

N.S. 

207 

202 

N.S. 

220 

CkV. % 

27.3 

23.3 

15 

22.1 

10.1 

. . - 

. . - - 

- — 

. — . 

— — 



Ihcse results show that 100 kg N/ha gave less 
yield than 200 and 300 kg/ha doses in 1970, 1971 
and 1972 whereas the yields of 200 and 300 kg/ha 
doses were at par during this period. During 1973 
although there was no significant difference amongst 
these three treatments 300 kg N/ha dose showed a 
declining trend in its yield. In 1974, the yields of 
100 and 200 kg N/ha were at par and the 300 kg N/ha 
yielded significantly less than the above two doses. 

Results from another long term experiment are 
represented graphically in Fig. 1. It is worth to note 
two points from the figure that, (i) yield increased 



Fig L Response curves for nitrogen for 
different periods 

upto a certain level of nitrogen lx*yond which it 
declined and (ii) the optimum level of nitrogen 
appeared to be a function of age. 'lea in its earlier 
years responded to higher levels, but in later years 
the optimum dose came down to a much lower 
level. 

Phosphate Manuring : In one experiment where 
phosphate was applied as superphosphate from 
1960 onwards at 0, 45, 90 and 180 kg PjO^per 
liectare on Clone FV 2, it showed a depre.ssing 
effect on crop upto 1970. The trend of response 
changed from 1971 which can be seen from the data 
in 'Fable 5. 


Table 5. Effect of different levels of phosphate on the 


yield of made tea (kg/ha) 




Year 

Mean 

1970 

1971 

1972 

1973 

1974 

T’realmrnt 

1967-09 

LP 

DS 

MS 

LP 

DS 

No Phosphate 

1395 

1588 

1708 

2467 

1697 

1865 

4.5 kg/ha 

1391 

1576 

1744 

2562 

1730 

1977 

90 kg/ha 

1401 

1493 

1790 

2675 

1796 

2067 

180 kg/ha 

1325 

1374 

1680 

2594 

1706 

1975 

C.D. at P. 05 

— 

109 

NS 

NS 

NS 

117 

C.V % 

— 

10.2 

10.2 

9.1 

8.6 

8.4 
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Application of P^O r, as single superphosphate 
<licl not affect the crop yield significantly except in 
1970 and 1974. The adverse effect of 180 kgP 2 f^ -,/ha 
was noticed in all the years till 1971. A change in 
trend to phosphorus response was observed from 
1972 onwards when all the three levels of phosphate 
application showed beneficial effect on the yield. 
Highest response was, however, obtained from 
90 kg P,0^/ha and in 1974 it was significant. 'This 
reversal in the trend of phosphorus response may 
be due to the effect of chemical weed control and/ 
or to foliar application of /inc sulphate. In I'^ast 
Africa, response to was obtained in tea under 

chemical weed control and this was attributed to 
the development of a mass of surface feeder roots. 
Another possible reason could be the interaction 
of /inc and phosphate. In this experiment regular 
application o(' Zinc sulphate was started in 1970. 

Another experiment was started in March, 1973 
to study the (‘ffect of mulch and (hemieal w(‘(‘d 
control on response to phosphate fertilization. I'he 
results are given in 'Table 6. 

Table 6. Effect of phosphorus, mulch and weed control 
on the yield of made tea (kg/ha) 

^ Year I!)7:i 1974 

Treatment I.P 1)S 


No P 1H)B 2141) 

.50 kg/ha 1-174 2214 

Phosphate 100 kg/ha 14()4 21«() 

150 kg/ha 150() 21H1 

200 kg/ha MBO 21H2 

Mulch NoMiilrh MHO 21G2 

(hiatemala niiildi 1 177 2200 

Weed Control Chcel 14H4 2174 

(Chemic al Weed Control • 1474 2188 

C.D. at P. 05 N.S N.S. 

“'^C.V. % ’ H.5 7.0^ 

'The tea was planted with Tingamira jat in 1961 
and was well sfiaded. 'Fhe ground cover was excellent. 
It is interesting to note that in both the years none 
of the treatments affected yield significantly. In 
other words, neither mulch nor chemical weed 
control affected the phosphate response. The possible 
reason for this might be that both mulch and chemi- 
cal weed control take time to encourage develop- 
ment of surface feeder roots and only then, they 
can influence the response to phosphate. 


Potash Manuring : In one experiment where 
potash was applied from 1960 onwards at 0,45,90 
and 180 kg/ha on Cflone TV 2, the response to potash 
showed some interesting trends. 'Fhe mean yields for 
the last two pruning cycles and for 1973 and 1974- 
are given in Table 7. 


Table 7. Effect of different levels of potash on the yield 
of made tea (kg/ha) 


W.Hr 

19(i7 GO 

1970-72 

1973 

1974 

Trrattiicnt 

LP D.S MS 

LP DS-xMS 

l.P 

DS 

No poiasW 

1181 

1G3G 

1495 

167! 

45 kg4ia 

1411 

1941 

1779 

1948 

90 kg/ha 

1440 

2019 

1803 

2054 

180 kg ha 

1590 

2114 

1854 

2171 

C.D. at P. 05 

142 

115 

106 

117 

c:.v. % 

13.5 

8.4 

8.G 

8.4 


The results indicate that response per kg potash 
was inoH' in the earlit r years of potash application. 
Later, when the potash level in the soil and plant 
was built up, tlu re was no benefit from application 
ol' high doses of potash. 

Micronutrients 

Zinc : The results of the experiment (B 108. 1/2) 
started in 1970 are recorded in 'Jable 8. 


Table ft. Effect of zinc sulphate on the yield of made tea 
(kg/ha) 


Year 

1971 

1972 

1974 

1974 

lVraliin*nl 

UP 

LP 

DS 

UP 

Zn.SO^ 24 kg/ha 

2484 

19.42 

2117 

3038 

Watf-r sptav 

2204 

17.56 

2016 

289t> 

C.D. at P.05 

Sig. 

N.S. 

N.S. 

N..S. 

c.v. 

9.2 

15.0 

14.7 

12.4 


Significant response due to application of Zinc 
sulphate was recorded only in 1971. 'I'he increase 
in yield during subsequent years was not significant. 

Another experiment on Clone TV 9 was started 
in 1973 to determine the level, method and frequency 
of application of Zinc sulphate on mature tea. The 
experiment has to be continued for at least 3 years 
to get the required information. The results to date 
arc given in table 9. 


( 19 ) 



'rOCKI.AI Kxperimental Sta’iiont 


Tafjle 9, EflFect of different levels, methods and frequ- 
encies of zinc sulphate application on yield 
of made tea (kiE'/ha} 


Yi.1.1 


'IVcatiiKiit Year 

1974 

1971 


(loiinol 

Otil 

1410 


rj . ki; /ii,S( ),, 'tia foliar a|)j.)!i( alion 
annually 

1041 

142<) 

4’3 

2,^.6 /.nSOj/ha loliar a[)[)liratinn 

annually 

1052 

1171 

T 4 

1'.;?..') kf^ /riSOj/lia foliar ai)|)li( ation onc«- 
in S years (lf)74) 

9 10 

14.47 

4V. 

kt^ /nS()^/lia loliar apniic afion 
onc'- ir: 4 yrars (147'1) 

9t4 

1429 

' 1'6 

ktr: /ti'^()j/lia soil ap[)li{a(ion 
anniiallv 

!!!)() 

\M>i\ 

44 

ky /nS()|/lia soil api)li(a(ion 
annually 

977 

141)-; 

4« 

25.0 k}." /nS()j/ha soil application once 
in 4 years (1071 ) 

900 

144_' 

To 

- 0.0 kg /,n.S()/| lia soil a|)pli» a(ion once 
>n 4 years (l<174) 

970 

1 144 


C.l). at 0.05 

N.S. 



(’ V ” 

II. (> 

9.7 


No si^niliccint (lin'creii((‘ aiuongsl ticalmcnts was 
found in I97‘^ and 1974. I he trc.ilnicnls w(M(' 
grouped into foliar and soil application and statisti- 
cally analysed. In 1974 foliar a[)pliea(ion of Zinc 
gave higher yield than soil a|)f)lieation, but in 1974 
there was no significant difference in yield l)(‘tween 
foliar and soil application. 

Long Term Agricultural Trial of Tocklai Clones 

A long term agricultural trial was started with 
some 4'ocklai released clones in 191)6 to study their 
relative yii‘ld perforniance. I’he yield data of these 
cdones for the last three years are recorded in 4 able 

i(K 

Chemical Weed Control 

The following herbicid('s underwent preliminary 
screening trials, 


Talle 10. 

Yield of made tea (kg/ha) of 
released clones 

some Tocklai 


Made 

lea in 

kp/ha 

(Hone 

1772 

Yiar MS 

1974 

I.P 

1971 

I)S 

I'.V. 1 

1519 

1 702 

1()4() 

I’.V. 2 

127-5 

1205 

I 102 

r.\7 I 

1712 

1912 

1744 

r.\7 7 

1091 

1945 

1579 

'j’-v. ,9 

1 5}19 

H.54 

1 590 

4’.v. 9 

1()0} 

1908 

1()72 

'IW. 10 

1 7M2 

1059 

ion 

'IW'. 11 

17 M 

1941 

1010 

IW'. 12 

1 147 

1577 

150!> 

r.v. 1 1 

lilOO 

l‘)7(. 

190f. 

P.ciian 

1000 

1540 

H.OO 

C.l). al 

P.05 24() 

410 

21(> 


10. () 

12.9 

10,4 


Sirmate : Sirmat(' w^as tried botli as ))!(' and 
t)osi (‘mergeni application at 5, 10 a:id 14 I /ha on 
broad leaved W(‘eds. It gavc^ exct'lf tu conliol as 
pre eiiieigent spray at 5 I /ha, but foi' efiertive post 
emeigent control 1,4 1 /ha was re(|uir('d. It had no 
elTert on imperata cylindrica. 

Roundup : Detailed report on Roundup was 
published in the Annual Scientilic Report 1974-74, 
pj> 21-22. Roundup was triial against (dvnodon dactv- 
Inii at 1.4 and 4.0 1/ha. (jood control for- a two 
month (xaiod was obtairual (wen at 1.4 1 /ha. 

Ammonium sulphamate : I his herbicide was Irical 
last year- at 14, 40 and 60 kg/ha. Weed control was 
very poor-. It was tried again at 74, 100 and 124 
kg/ha. l’h(‘ w(‘eds in the area were, Horrerui hispida, 
Cornme/ina ben^halensis, Paspalum sp., Saccoharum spun 
laneum, ! lydrocotyle asiatica, ('ulocasia sp., Urena lohata 
and Plrechlites valerianaefolia. Ammonium sulphamate 
had immediate scorching effect on weeds and this 
effect lasted for a fortnight only. Repeat application 
at the same rates was given 24 days after the first 
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application. 'Fhc weeds, Borreria hispida^ I Irena 
iobata and Erechtites valerianae folia were controlled, 
but within four weeks there was complete reinfesta- 
tion. 


Addition of Urea to 2,4-0 : A trial was conducted 
to find out if addition of Urea to 2,4-D increased 
the clfectiveness of weed control. Spraying was 
done on 14.5.74 and the results are recorded in 
Table 11. 



Table 11. Effect of 

2,4-D in combination 

%vith urea 

on weed control 



T rcatment 


Visiia 

I score 4U) weed 

1 control in 

prr cent 

hy date 




17/5 21/5 

28/5 

4/() 

ll/(> 

18/6 

25/fi 

2/7^ 

9/7 

2,4 1) C.0.5kK/ha 

.5 20 

so 

05 

70 

70 

55 

35 

30 

2,4 1)(UJ O.f) kg/hu 

5 30 

85 

‘JO 

100 

100 

‘)2 

90 

90 

;r 

tJrra(r/! 0.5 kg/ha 

2,‘1-n (a] 1 .0 IcR/ha 

10 40 

8.5 

‘JO 

100 

1(K) 

92 

90 

90 

2,4-1) @ 1.0 kg/hii 

10 40 

00 

99 

100 

100 

95 

95 

90 


ViraCn l.Okg/ha 

Addition of Urea increased the effectiveness of Experiments on Quality 
2,4-1) at the lower dose of 2,4-1), i.e. (al 0.5 kg/ha. Effect of different levels of phosphate and 

potash on quality : Leaf from four treatments of 
Check Test & Certification : Two brands of the a manuring experiment at Borbhclta was manu- 

Sodiuin salt of 2,4-1), namely Fhen-D nianul'actured factored on 16 occasions during 1973 and 1974. 

by Messrs New Industrial Chemicals, Calcutta and 'I'hese were tast(‘d at 'IVk klai to find out the effect 

2,4-1) Sodium salt manufactured by Messrs ( Iherni- of diflerent levels of phosphate and potash on the 

cal Organics, Cuttack were check-tested and given strength, cpiality and valuation of C.'f.C. teas. The 

Certificates of a[)proval. results are given in fable 12. 


Table 12. Taster’s average score on strength, quality and valuation of C.T.C. teas for various treatments by year 




Year 


1<)73 (I.P) 


1974 (DS) 


Treatment 


Strength 

(Quality 

Valuation Strength 

( hialiiy 

Valuation 

_N. 

P. 

K. 






135 

0 

0 

()8 

66 

(.34 75 

7h 

6.UI 

135 

180 

0 

68 

6() 

6.30 74 

74 

6.76 

13.5 

0 

180 

68 

65 

6.28 73 

72 

(>.61 

135 

180 

180 

61 

()3 

(..17 71 

7! 

6.59 

D. at 

P. 05 


N. S. 

N. S. 

N. S. N. S. 

.N. S. 

N. S. 

In 

this 

expe 

rirnent the 

manuring treatments experiment, i.e., water 

spray and 

spray of Zinc 


were applied continuously for 13 years on clonal sulphate four times at 6 kg/ha on each time at 2 
tea. It is evident from the data that application of months interval. 'The tea was manufactured in 
phosj)hate and potash did not affect the strength, 1 kg rollers by C.'f.C. method on 22 occasions during 
quality and valuation of C.'f.C. teas. 1973 and on 22 occasions each by C-.’f.Cf and Ortho- 

dox methods in 1974. 'fhe samples were tasted by 
Effect of Foliar Application of Zinc Sulphate 'focklai 'fa.ster. fhe results are tabulated in tables 
on Quality : fhere were two treatments in thi.s 13 a, 13 b and 13 c. 
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Table 13 a« Taster’s average score on strength, quality 
and valuation of C.T.C. teas for 1973 


Tn-atmrnt 

Strength 

(Quality 

Valuation 

Water spay 

6t> 

(>3 

0.18 

ZnS 04 spray 

t)2 

57 

5.90 

(1.1). at P.05 

N.S. 

N.S. 

N.S. 

Table 13 b. Taster’s average score on strength, quality 

and valuation of C.T.C. teas for 1974 

Treatment 

■Strength 

(Quality 

Valuation 

Water spray 

74 

78 

().00 

ZnS ()4 spray 

()7 

09 

0.42 

C.n. at P. 05 

5.44 

N.S. 

N.S. 


Application of Zinc sulphate did not affect the 
strength, quality and valuation of (J/F.C. teas in 
1973. lint in 1974 the score for strength was signifi- 
cantly lower in Zinc sulphate treatment than water 
spray, 'fhere was no difference in quantity or colour 
of tip, strength, quality, briskness and valuation 
between Zinc sulphate and water sprayed plots 
for the orthodox teas in 1974. 

Borbhetta Field Experimental Estate Report 
Labour : The average daily attendance of labourers 
during the last five years is given below : 


Table 13 c. Taster’s average score on various characters and valuation of Orthodox teas for 1974 


’rreatmctil 

Quantity ol 1 

ip dolour of rip 

Strength of 

Quality 

IJriskness 

Valuation 




1 .iquor 




Water spray 

59 

51 

(i7 

ti5 

40 

5.40 

ZnS 04 spray 

57 

51 

08 

07 

89 

5.. 55 

C.D. at P.05 

N.S. 

N. .S. 

N. S. 

N. .S. 

N. S. 

N. S. 


Year Number uf lat)our<Ts engaged 

U)70 188. :t() 

1971 179.00 

1972 188.00 

1978 185.00 

1974 190.00 

Crop : The total yield of green leaf during tlie 
last five years is given below ; 


Year 

(ireen leaf in kg 

1970 

1,72,808 

1971 

1,74.5.55 

1972 

2,20.455 

1978 

2,14,882 

1974 

2,02,751 


Out of the total 1974 crop 2,57,530 kg greem leaf 
was sold to Duklingia I’.E. and the remaining was 
used ior experimental purpose. General plucking was 
stopped on* f). 12.74. 

Nanda Devi Seed Bari ; The s(!ed produced from 
this bail was suppli(-d to Darjeeling estates. 'The 
produetion of seed during 1973 and ^74 is given below: 


1973 .. 5.30 kg 

1974 .. 740 kg 
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Studies on soil phosphate 

'l o line! out the fixation and release of freshly 
added and residual phosphates (from long-term 
manurial experiments) several soils have been 
exhaustively cropped in niicropots using Penriiselnm 
pedicellalum as the test crop. Phosphate was applied 
at the rales of 0, 60, 120 and 180 kg to all 

the soils (freshly added) except those from the per- 
manent manurial series. Soils from the permanent 
manurial series refer to long-term experiments at 
]V)rl)hetla, vi/, H/48 and Ji/105, receiving P.,()- at 
rates 0, 45,90, 112 kg/ ha from 1930 onwards, and 
at rates, 0, 45, 90, 180 kg/ha from 1960 onwards 
respectively. 

Uuring six months of intensive growth (June 
to November ’74), no sign of exhaustion was oltserved 
either with r<ferencc to soil types or with levels of 
phosphate manuring included in this trial. Available 
soil {)hosphate and phosphate uptake* by grass cuts 
increased progressively with the increasing rat(\s of 
phosphate manuring. 'Phis was true for both freshly 
applied phosphate and the residual phosphate from 
long-term manuring. In manured soils the rate of 
release of phosphate! from the different soils did not 
vary significantly, although the te)tal uptake of 
phosphate by the test crop varied in the regional 
soils. This could be; due to the variations in the 
capacity factor of the different regional .seals, i.e., 
the wide variations in the native phosphate status 
e^f the different soils. An interesting feature in this 
experiment was the rate of release of the residual 
phosphate (soils from long term experiments), which 
was very much rapid compared to the freshly applied 
phosphate. This indicates that the phosphate residues 
of North East India tea area soils are not inert but 
a valuable source for meeting the nutritional require- 
ment of the test crop. 

Studies on soil potash 

To examine the variabilities, if any, in potassium 
releasing properties of regional soils as well as soils 


from the long-term manurial experiments, several 
.soils have been exhaustively cropped in micropots 
using Pemiiselurn pedicellalum as the test crop. SoiLs 
from the permanent manurial series, as in the case 
of phosphate experiment, refer to long-term experi- 
ments at Borbhetta, viz, B/43 and B/l()5, receiving 
KgO at rales 0, 45, 90, 1 12 kg/ha from 1930 onwards, 
and at rates 0, 45,90, 180 kg/ha from 1960 onwards 
respectively. 

Uptake measurements earri<;d out so far with 
several grass cuts during the period of active growth 
showed that the uptake of potash is linearly correla- 
ted with the exchangeable or available potash contents 
of soils irrespective of the regions. However, no 
sign of exhaustion was observed either with, regional 
soils or with those from the permanent manurial 
series, f urther, the rate of relea.se of exchangeable 
or available soil potash from the soil matrix was 
much faster in the case of Darjeeling, Terai, and 
Brahmaputra Valley soils as compared to the soils 
from Dooars and (Jachar.. . 

The cumulative potash uptake by grass from those 
soils belonging to the permanent manurial .series 
presents an interesting picture, viz., cumulative 
potash uptake (i.e., dry matter X potash concentra- 
tion in a cumulative way) is much higher in the ease 
of long-term manured .soils as compared to their 
unmanured counterparts. I'his indicates that potash 
residues from long term manuring do not undergo 
fixation with clay minerals under North East India 
tea growing conditions. 'Ehe cumulative potash 
uptake of regional soils also indicates that the quan- 
tum of withdrawal of available potash by grass 
cuts depends upon the available potash status of 
soils rather than any regional soil characteristics. 
This confirms our finding on the release of potash 
by treatment of soils with a cation exchange resin 
and subjecting the soil-resin mixture to laboratory 
incubations conditions (refer Ann. Sci. Kept., 
1973-74, P. 29-30). 
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Studies on liming 

For the second year in succession it was found 
that long-term application of lime resulted in appreci- 
able improv(‘incnt of stable soil aggregates in terms 
of both total and those above 2 nini in size dimension. 
No signihcarit difference in soil aggregate status was 
observed between lime application at 2 and A 
tonnes per ha levels. 

Studies on soil nitrogen 

Nitrogen balance sheet was studied under green- 
house conditions to find out the fate of applied 
nitrogenous fertiliser in soil and plant, i.e., actual 
recovery of nitrogen (in the harvest, within the bush 
frame and roots), and losses through different channels. 

The experiment was carried out in pots support- 
ing 18 mouth old 'i'Vj plants. 'The pots received 
basal dressings of PjO-, and KjO at rates 40 and 
80 kg/ha respectively, and /nSO^ and Mg SO* at 
the rates of 20 kg/ha. I'he nitrogen treatments com- 
prised off), 50, 100, 150 and 200 kg N/ha in the form 
of sulphate of ammonia. There were twentyfour pots 
under each nitrogen treatment, so that every two 
months four of the replicate pots could be taken out 
for destructive analysis with an aim to measure the 
total recovery of nitrogen. Leachates were c ollected 
every month subjecting the plants to simulated 
rainfall as that of Jorhat area, and were analysed 
for both ammonia and nitrate nitrogen contents. 
(Changes in soil nitrogen content was monitored by 
analysing the .soil initially and at the end ol different 
peri(xls of growth, viz., 2, 4, 6, 8, 10 and 12 months. 

From the leaching loss and the nitrogen reco- 
very estimated under experimentally controlled 
conditions at different periods of growth of young 
lea, the nitrogen balance sheet has Ixu-n determined 
which is given in "fable 1. 

Nitrogen recovery at higher levels of application 
of nitrogen (150 and 200 kg N/ha) was about 10 
per cent less than that of at lower levels of nitrogen 
application (50 and 100 kg N/ha). Further, it is 
noted that pcncentage recovery decreased with the 
increasing pcricKl of growth of tea plants. 

It is also interesting to note that the percentage 
of applied nitrogen lost due to leaching does not 


Table 1. Nitrogen losses due to recovery, leaching and 
escape in gaseous form at different levels of 
application 


Level ot nitrogen 
kg/ha 

Average over six 

sampling periods 

Percent re- 
covery by 
the tea bush 

^ (2)' ' ' 

Per cent los; 
due to 
leaching 

i Percent loss in 
the gaseous 
form 

100 -(2)- (3) 

(1) 

(:i) 

(0 

50 

51 

40 

9 

100 

54 

m 

8 

150 

42 

38 

20 

200 

42 

38 

20 


vary signilicanlly IxTween levels of application of 
N, although net losses dm* to l(‘aching increase with 
the increasing rates of nitrogen apj)lication. An 
important point that emerged from the balance 
sheet is that besides leaching lo.ss of nitrogen, the 
gaseous loss of nitrogen can also be quite substantial, 
specially at higfier levels of nitrogen application 
between 150 -20()/N7kg/ha. 

It appears that timing of nitrogen application 
when the plant's necal is maximum, and keeping 
the nitrogen level lower, could be the only possible 
ways to minimise litaching losses. 

Cation exchange capacity (G.E.C.) of clonal 
tea roots 

"fo investigate the effects of various growth 
promoting and growth inhibiting substances on root 
C.F.C;., a sand culture experiment was carried out 
using clones rV| and TV,g which dilfered widely 
in respect of their root ( l.I’..( 1. 

(^) Growth promoting substances 

'fhre(‘ growth promoting substances, each w'ith 
three different l(‘V(‘ls were used, viz., gib(‘rellic acid 
(Gy\), indole-3-acetic acid (lAA), and 2,4-dichloro 
phenoxy acetic acid (2,4-D). '['he levels of applica- 
tion were 5, 25, and 100 p.p.m., corrcs[x)nding to 
8.5, 42.5 and 170 mg per plant respectively added 
during the course of the experiment. 

'Treatments with growth promoting substances 
were imposed after establishment of the plant which 
took about a mf)nth, and continued for 4 months. 
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Growth promoling substances at appropriate cou- 
centralioiis was applied weekly, whereas complete 
nutrient solution at full strength (Hewitt’s) was 
applied daily to each potted plant. 

After four months, plants were pulled out, aerial 
parts of the plants were cut off just above the root 
system, and the roots were used for measui enieiits ol 
root C.E.G., brown /white root ratio, and total 
uptake (only on white roots). 

'Table 2 shows tin* influence of difl'erent Ibrms 
and levels of growth promoting substanc<-s on root 
of clones. 

Table 2. Mean root C.E.C. (m.e./lOO g dry weight) of 
clones TVj and TV|g as affected by different 
forms and levels of growth promoting substances 


Level 


2r) p.p.m. 

too p.p.m. 


(1) 

(2) 

(:0 

(4) 

(r>) 

l .\ A. 

3.4 1) 

la.Vf) 

20.01 
20.08 
20.5 i 

21.15 

22.<»8 

17.75 

10.01 

20.05 

10.01 

Mran 


20.51 

20.(»:t 

10. ()5 


Highly significant diflerence between the diflh- 
rent growth promoters in increasing the root G.E.C. 
at the (oncentratioii range 0 25 p.p.m has been 

observed. Indole 3 acetic acid had the maximum 
ellect I'ollowed by O.A. and 2, 4-D. Both (T A. ami 
i.A.A. increased root G.h.C^ significantly when 
concentrations of the cln’micals was rais(*d fioiii 
0 to 5 and 5 to 25 p.p.m., but the rate of increase 
tended to slow down with further iifrii*as{* in con- 
centration from 25 to 100 p.p.m. 2,4-L) followed 
the same trend in the range 0 25 p.p.m but further 

increase from 25 to 100 p.p.m reduced root C.E.G. 
Interaction between clone and treatment has not 
been found to be significant. 

As far as the brown/white root ratio is concerned, 
all the three growth promoters significantly reduced 
the ratio of both the clones, but lAA had the maxi- 
mum effect, followed by GA and 2,4-1). 'The decline 
of brown/white root ratio, in general, has been 
progressive with the increase in the concentration 
of growth promoters. 


It was also obs<’rved that the growth ]jromoters 
significantly increased the total oxygen uptake by 
white roots of both tin* clones, but the three forms 
of* growth promoteis differed significantly between 
themselves. JAA showed the highest effect followed 
by (h\ and 2,4-13. 4'he level of growth promoters 
also had significant efhxt on total oxygen uptake. 

4 he interaction between clone and tn'atment 
in respect of Inown/white root ratio and the total 
oxygen uptake by white* roots was not significant. 

Gorrelation study showed that root G.E.G. 
correlated negatively with brown/whitc root ratio 
and positiv(‘ly with total oxygen uptake by tlie 
white* roots of clonal plants. 

(h) Growth inhibiting substances 

Three* growth inhibiting substances each with 
three different levels w'(*re used. 4’lu‘se were pota- 
.ssiinn (Cyanide (K(.’N), sodium arsenate (Na3AS 0^), 
and sodium a/.id(* (NaN3j. The levels of ap[)lication 
were 5, 25 and 100 p.p.m., corresjionding to 8.5, 
■12.5 and I 70 mg p(*r plant respectively added during 
the course of the (‘xperimeiit. Other d('tail.s and root 
im‘asurenients are same as those described in the 
case of expel iment with growth promoting substan- 
ces. 

'Tin* influence of different forms and levels of 
growth inhibiting substanci’s on root G.E.G. of 
clones is shown in Tabh* 3. 

Table 3. Mean root C.E.C. (m.e./lOO g dry weight) of 
clones TVj and TVJ^ as affected by different 
forms and levels of growth inhibiting sub- 
stances 


Levrl 

5 p.jj.m. 

25 p.p.m. 

100 p.p.m. 

Mean 

Torm 





(1) 

(2) 

G) 

(1) 

(•^) 

MC;\ 

15.50 

1 1.30 

11.8<> 

13.91 

Na3 AS O-i 

15.95 

15.23 

13.17 

14.78 

XaN3 

15.70 

15.05 

12.89 

14.5)8 

Mean 

15 77 

14.89 

12 04 

14.43 


4 he root C.E.G. values decreased significantly 
with increasing concentration of growth inhibiting 
substances up to the level of 100 p.p.m. The dilferen- 
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CPS bctwcpn the llircc forms of growth inhibiting 
siibstancps were, however, not signifieant. The 
interaction between clone and treatment was not 
signifitant. 


received phosphate at 0, 100 and 200 kgP 2 (}- /ha 
were included. Mulch and weedicide treatments 
compr-sed sub-plots under the different photsphate 
levels. 


rurther, brown/white root ratio increased 
significantly with increasing concentration of growth 
inhibiting substances upto the h'vel of 100 p.p.rn. 
No significant dilference in brown/white root ratio 
was observed between the three forms of growth 
inhibiting substances. 'I’he interaction between 
clone and treatment was also found to be not signili- 
eant. 

Measurements of total oxygen uptake by the 
white roots ol both the clones (d’V, and d’Vjg) after 
treatment with differemt forms and levels of growth 
inhibiting snl)stancc‘s liavc! shown that the total 
oxygen uptake decreased significantly with increasing 
concentration of growth inhibiting substances. I'he 
variances due to forms of growth inhibitor, clones 
and clone X treatment interaction were not signifi- 
cant. 

(lorrelation study showcxl that root CI.E.Cf 
correlated negatively with the biowri/whltc- root 
ratio and positively with tlie total O.^ uptake by the 
white! roots of clonal plants. 

Production of roots under regimes of weedicide 
and mulching 

Feeder or alisorbing root production under 
regimes ol weedicide and mulching was followed 
for one full year at bi-monthly interval in expcal- 
ment No, B c;f the .Agronomy D<!partm(*nt. 

For the purpose of root study, only those plots which 


Pooled data of all the six occasions showed that 
feedcT root production increased significantly under 
mulch trcaitment. 'The variances due to weedicide, 
and interaction between mulch X weedicide were 
not sigrnficant. 

'fable 4 shows the fcedc!r root production at 
dilTerent periods as influenced by mulching and 
weed i c i d e treatments. 

'J'hc data also show a seasonal effect on the pro- 
duction of fe(!der roots irr(.’sp(!ctive of thcr cultural 
treatments. During the period of growth of tea 
flusli(!s, i.e., from March to November, Ic'cder root 
production de creased progressively, but from January 
to Marcli, i.c ., the; p(!riod of dortnancy, feeder root 
production proliferated once again, indicating 
therel)y an o[)posing periodicity in flush and feeder 
root growth. 

Root development under different spacing of 
tea 

'J'hree different spacings of tea, viz., 120 cm X 
00 cm x 60 cm, 50 cm X 50 ern, and 22.5 cm x 
22.5 cm were included for the! present 
investigation, where the plant population have Ix^en 
12,000, 35,000 and 1,30,000 plants per hectare res- 
pectively. I’he differently spaced fields carried 
clonal teas of the age group between 5-6 years for 
the present study two clones, viz, N 436 and T1C6 


Table 4. Feeder 

root production at different periods as 

influenced hy mulchine and weedicide treatments (kir'ha 

7, 5 cm 

soil) 








Tnainu nr 




15 1 iod (»r sampling 




- . , . 





- - - - 

, , 

, 


March '74 

May 


S.pir. 

Nov. 

Jany. 

March '75 

Mean 

(1) 

(^) 

(3) 

(4) 

(3) 


(7) 

(fi) 

(9) 

Mnlch 


1070 

ti82 

588 

477 

503 

877 

773 

No mulc h 

95G 

GIO 

.500 

413 

439 

44! 

729 

.585 

Weccliricle 

10G4 

HIO 

GI2 

5 in 

448 

434 

725 

t>57 

.No Wrediridc 

IMG 

838 

570 

449 

4G8 

510 

880 

701 

Mean 

1105 

824 

.591 

.501 

458 

472 

803 
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commonly occming under all (he three spacings 'I'lic difleienee between 22.5 x 22.5 cm* 

were utilised. By and large, similar manageiiK iit and the other two spacings in n-sjx'ct of both rnaxi- 
practiccs were adopted I'or all the tields under diffe- mum and e/reetive root depths was highly significant, 
rent spacings. whereas llu! dilference between the olhea' two spaci- 

ngs was not. 'I he progressive decrease of horizontal 
Field observations comprised maximum root spread of the root system with increasing plant 
depth, etreclive root d(‘pth, lateral spread both population was also found to be highly .significant, 
along and across the hedge, and cstimaiion of 

leeder or absorbing roots. Laboratory measurements l'’urlher, feeder root production increased with 

were conhned to counting number of primaries |)er closiaiess of spac ing. 'flie difference IxUwcen 22.5 X 
plant, total liiK'ar growth ol primary and s<‘condary 22.5 cm and the widest spacing in this respect wa.s* 
roots, maximum and minimum diameter of the found to be highly significant. The difference 
roots, and finally the* dry weight of the roots. between spacings 50 cm x 50 cm and 22.5 cm 

X 22.5 cm was not, howevee, significant. The mean 
Results of held oliservations are given in I ables values of eight epochs of sampling are shown in 
5 and 6. Table* h. 

Table 5. Field observations^ on the development of the root system of clones as influenced by spacing of tea 

I S.l*.. 


Spae ings 

Kout giowlh ( barach-risi •( s 

120 ctn 90 cjij 

00 ( 111 

50 ( 111 5(; 

(in 

22.5(111 ■ 22.5 cm 

(1) 

U) 


U) 


(‘1) 

Maxiirmiu rool depth (in ciu) 

83.00 ! 1 

1.71 

8().00 i 

3.09 

98.00 1 1.00 

I'flf'etive root de pth (in tin) 
Horizontal s[)reati ol roots as 

08.00 I : 

F90 

77.00 i 

2.07 

8(000 i 1.54 

radious (in cm) 

59.33 1 1 

1 83 

32.34 ! 

1 .20 

23. (>2 ) 2.99 


♦ Figures rcjMe-se-nl lucan of e ight r>l)scr\ ations with the standarel errors. 


Table 6. *Mean feeder root production (kg/ha) vndcr 
different ^ pacings 

Snaeiiig: Feeder roots (on dry weiglit basis) 

mean ol eight e|XH hs. 

' (i) ' y ^ ^ 

120 <in . 00(111 , t) 0 cm 

fiOcm • .'^.Oem OFil^-OO 

22.r)rm > 22.r)rm 10,817.00 

*ea( h epoch roniprises twenty rore sample of roots thus llie 
above data are mean of 8 20 HiO core samples. 

Under the closest spacing, i.e., 22.5 cm x 22.5 
cm, prc'scnce of a substantial ciuanlity of feeder 
roots was marked down to a depth ol 90 cm, althougli 
concentration of feeder of absorbing roots was found 
to be maximum witliin 60 cm soil layers. 

So far as the laboratory measurements are con- 
cerned, it was observed that the number of primaries, 
total linear growth of primaries and secondaries, 


diameter ol the jjriinaries and secondaries, as well 
as llie total dry matter weight of tin* root system 
per plant decreaseti jjrogre.ssively with the incrcii- 
sing plant population or closeness of spacing. 
Statistical analysis show(‘d that the differences 
between the widest spacing, i.(*., 120 cm x 90 cm 
. 60 cm, and the other two spacings in 
respect of all the above* root growth parameters 
viz., length, diameter and dry weight were 
highly significant. However, total dry weight 
ol roots per nnil area increased significantly with 
elosene .ss of spacings. f urther, the shoot/root ratio 
inereaseel with decreasing plant population, the 
ratio with 120 cm X 90 cm X 60 cm being double 
than those of either 50 cm X 50 cm or 22.5 cm X 22.5 
cm spacing. A critical limit was also iound at 
50 cm X 50 cm or 33,000 plant per hectare, 
iK-yond which reduction in dr^ matter weight per 
plant top or root was not significant. Similarly shoot/ 
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root ratio did not alter significantly above tliis critical 
limit of j 3, 000 plants per hectare. 

Soil Moisture depletion pattern under different 
spacings 

'I’hc changes in soil moisture content was followed 
under the three spacings iiKnitioned above all through- 
out 1973-74 and 1974-75 dry period, i.e., from 
November to March pt^iiod. It was found that upto 
a population of 33,000 plants per hectare soil water 
depletion in dry period did not alter signilicantly, 
indicating once again the existeur(‘ of the critical 
limit. However, beyond this critical limit the (h‘ple.- 
tion of soil water increased in a highly significant 
way over the period November to March, the 
exploitable* soil water (i.e. soil water within the root 
depth) decreas(‘d by 23 cm compar(‘d to lh(! widest 
spacing, i.e., 120 cm ' 90 (in x GO cm. It was 
computed that because of increased root depth under 
closest spai'ing (22.5 cm x 22.5 cm), (“xploitabh* 
soil water increas(‘d by about 8 cm compai'ed to tin* 
widest spacing, thereby indicating that 1 /3rd of tin* 
iiK'.reascd soil water use under the closest sjiacing 
was pcxssibly met from the sub-soil resources. 

Studies on water table 

As reported last y(*ar, t(*a bushes grown with 
water table lixcxl at 90 cm from tin? surlac e yii'lded 
significantly much higher crop than those having 
water table fixe.d at 135 cm throughout 1974. 
Repeated attempts to grow plants in the tanks with 
water table fixed at 45 cm from the surlace indicate 
that when young healthy plants are transplantc*d 
in October/Novernlx'r, they pull through for a 
period of G/7 months, i.e., until May/June, and 
thereafter, either packs up or remains in moribund 
condition. Attempts are now being made to find 
out clones that arc resistant to water-logging by 
planting out different clones in tanks having water 
table at 45 cm. 

Biuret toxicity 

biuret at 2, 4 and G per cent levels mixed with 
briuet free commercial crystalline urea and foliar 
sprayed at 5 per cemt (V/V) spray concentration of 
urea at fortnightly intervals for the entire 1974 
cropping season neither adversely effected yield 


nor exhibited any toxicity symptoms in the field. 
'The variance's due to treatment and treatment X 
season interaction have* not been found to be signi- 
ficant. 

(been leaf samph'.s under various biuret treat- 
ments were also manufactuix^d on eight different 
occasions and valued by Tocklai tea tasters. 

I’he effect of biuret on the valuation of tea was 
not found to be significant. 

Soil Survey 
{( 1 ) North Bank 

A survey was carried out in tin* tea areas of the 
Northern Bank of Brahmaputra, extending 
b('lw(‘en Lakhim|)ur in the North East and Goalpaia 
in the South West, and (omprising about thirty tea 
(‘stal('s, with a view to identify the problem an'as in 
respect of drought. Broad soil ty|)(r and rainfall 
maps were' prepared basing on tin' textural data of 
the .soil piofih's and longt('rm rainfall data respecti- 
vely. Besides, within the broad types, four proble- 
matic sand sei'ies were identified, each at i/ikhim[)nr, 
Bishwanath, Bor.sola, and Mangaldai circles resjiec- 
tively which arc likely to suffer mojc in the 
droughty [X'riod. 

Bi'sidcs. (h'liiH'ating the soil typi's or series, 
available water capacity (A.W.G.) of the root profile 
of matma* tea uiHh'r different soil ly|)i‘s was also 
determined, the estimated values of ,'\.W.(I. are 
shown in 1 able 7. 

Table 7. Available water capacity of broad soil types in 
the North Bank 


SI. 

.No. 

(1) 

IVxtiiral tyjx' 

H) 

.\vailablr Water 
C.apaeily in cm 
(in incites) 

^ ff) 

1 . 

Silly loam (All ihroui^htail) 

22 ( 9 in) 


I.oam (lof) lay(‘r) and silts loam 



(bottom laver briow 30 cm 

20.0 (» in) 

3. 

Loam (all lh»-ou,trhoiit ) 

17.5 (7 in) 

\. 

Sandy foam (ail diromrliout) 

M .8 (5.9 in) 

T). 

Sandy foam (lop Iay»*r) and .Silty 



(bottom layer below 30 rm) 

lb. 3 (b.5 in) 

(i. 

Loamy sand (all tbron^houl) 

13.3 (5.3 in) 

7 

Sand (all ibrout^hout) 

3.0 (1.2 in) 

a. 

Loamy .sand (top layer) and sand 



(bottom layer Ix'low 30 cm) 

7.H (3.1 in) 

9. 

Sandy loam (lop lay(*r) and sand 



(bottom layer l)elow 30 cm) 

12.0 (1.8 in) 
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Table 7 shows that in general, as the sand fract- 
ion increases in the profile A.W.C. decreases 
arid, conversely, as the silt fraction increases 
A. W. (J. increases in a signiiieant way. 
(Correlations have been worked out between P.C'. 
available water and mechanical fractions like sand 
and silt, which showed highly significant positive 
correlation between silt and p.c. available water, 
and highly significant negative correlation betwtren 
sand and p.c. availabh: water, the regression equations 
being : 

Y 2.68 T 0.181 X (r 0.78) 

and 

Y 18.91 - 0.168 X (r - 0.77) 

respectively, where Y p.c. available water and 
X (‘ither [j.c. silt or p.c. saful. bin ther, it was 
observed that organic matter contents of North 


Bank soils did not influenced the A.W.C. of the 
I^rotilcs appreciably. 

{d) Darjeeling 

A survey was carried out covering Kurseong/ 
Mahanadi, Darjeeling W(‘st, Darjeeling Hast and 
Rungbong Valley circles (each circle represented 
by thre(‘ t(‘a ('states) with a view to find out the 
('Ih cts of eh'vation and as|)ect on the physico-chemi- 
cal cliaractei istics of .soils, as well as to classify the 
broad textural types, llurre were three elevations 
vi/., 914 -1,219 m (3,000 4,000 ft), 1,219 1,524 

m (4,000 5, ()()() (i) and above' 1,524 m (5,000 ft), 
and two a.sp('cts viz., North I'^ast and South West. 

I'he effects of both elevation and aspect on the 
soil organic mailer content was found to be highly 
significant and these are shown in Tal)li; 8. 


Table 8. Mean organic matter content of soils (p.c. on dry weight basis) 


Klrvatioii 
Aspr' t 


'icr) 

‘)1! 

1.219 9,521 

Above 1,524 

Mean 

(1) 

{‘^) 

(0 

(D 

(5) 

.North luist 

5.35 

5.52 

l).2() 

5.70 

Soiitli West 

4. (.2 

5.20 

5.50 

5.11 

M('an 

\ . m 

5.3() 

5.88 

5. to 


It (an be seen from 7’able 8 that organic matter 
content increast'd |)rogressively with incn'asing 
elevation upto 1,524 m or above, indicating, thereby, 
the effect of decreasing ambient temperature on the 
conservation of soil organic matter status. Ihe 
deterioration of soil organic matter on the South 
west aspect could be due to the dirc'ct ('fleet oi 
insolation and resultant burning. I’he direct effect 
of these gains or losses of organic matter due to ele- 
vation and a.spect respectively on the associated 
physico-chemical properties of .soils are now being 
investigated. 

As far as the broad soil types an' ('oncerned, 
Darjeeling soils can be cla.ssified under three main 
textural groups viz., sandy loam, loam and silty 
loam, with majority of the .soils occuring under 
loamy type. Neither elevation nor aspei t appears 
to influence the inherent textural character of tin* 
soils. 


Research and Advisory analysis 

y\bout 60,()0() soil tests were carried out during 
the year. 4 he break-up is as follows ; 

(i) Research : l'V>r Soil’s Department as well 
as lor other Departments 
15,000 (stirnations. 

Advisory : For tea ('states alone, 45,000 
(‘stiinations. 

Publication 

S. K. Dey and H. Mitra, “Physical factors affect- 
ing tea production in North Bank”, In a brochuK! 
on tea on the North Bank, published on the occasion 
of Joint Area Scientific (kmimittee in North Bank, 
1974. 

Appointment 

Messers. N.G. Bhattacharyya, and A.K. Sengupta 
have been promoted to the (Officer’s cadre as Assistant 
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Soil Scientists for 'l ocklai and Nagrakata Soil 'H^siing 
Units respcctiv(‘ly. Messers. U. K. Rarnaniohan 
and A. K. Das have been transfern d to Nagrakata 
Soil 'Testing Unit. Miss R. Bora, Miss D. Saikia, 
Miss M. Baruah and Mr. J. Devnath have been 
appointr'd as Junior Research As.sistant to fill in 
vacancies. Messras. A. K. Das, S. N. I alukder and 
J. N. Bora havt‘ been promoted to the Junior l..abora- 
tory Assistant’s cadr(‘ Iroin the sub-ordinate stall. 

Honours and Higher Studies 

Mr. (i. Uharnuah, who workrd as a C^S.l.R. 
junior Fr llow in the Department, has been awarded 
the Bh. D. degree of the Assam Agricultural Univer- 
sity for his thesis entith'd, “Cation T'.xehange (Capacity 
of Clonal tea roots and its implication to lertiliser 
practices”, 

Mr. N. Barftujari, an l.C.A.R. Scholar, has 
submitt(‘d his tliesis entitled, “Inlluenrr' of spacing 
of tea on moistiu'c utilisation, root development and 
nutrient uptake” in partial fullihnent of M.Sc. 
(Ag) degre<‘ in Tea Science and Technology. 

Miss. R. Bora and Mr. j. Devnath have obtained 
M.Sc. d<‘gree from Gauhati and C^alcutta University 
respectively. 

Mr. P. ( jhosh has been sponsored for Post-graduate 
studies in Physics at the University of Gauhati. 

Organisation 

'The project doc'umententitled “Studieson Ground- 
water Drainage Probhuri at T.R.A.”, pre[)ared by 
the De{)artment has been approved by the United 
Nations Development Programme and the (lovern- 
ment of India, and, as a result, an Agricultural 
Drainage Expert will soon join the Department 


for a pc'riod of two years to lead and organise the 
drainage research under the UNDP Project. 

Our long and concentrated efforts to make some 
headway in land planning have met with small 
success at long last. We have received topo sheets 
(scale 1 incli 1 mile) for almost all the tea districts. 
On marking out the tea areas in the topo sheets we 
shall have to approach the Surveyor (ieneral once 
again, as well as the Defence Ministry for prepara- 
tion of serial photographs at the centre for Survey 
'Training and Map Production, Survr^y of India, 
Hydruabad. 

'The need for cjuick soil testing sei'vice in W(!st 
Bengal has b(!cri fulfilled by construction of labora- 
tory, procurenu'nt of (’sscritial c(|uipmcnt, gl.ass- 
wares, chemicals etc. and training of staff— tire labora- 
tory should be operating at full scale Irom the next 
year. 

'Two new weather stations have been organised 
once each at 'Terai and Margherila, tlu* latter one in 
collaboration with Makum and Namdang 'Tea Go., 
'I’hree observers have been tr'ained for purpose of 
data recording in th(‘ ru'vvly started meteorological 
observatories. 

(ilasshousc facilities have been doubled up and 
s(!vcral modifications brought in for carrying out 
nutritional experiments under controlled conditions, 
although we are not yet in a position to control 
fully excessive heat probhan during the summer 
months. 

Import of necessary equipment components was 
not possible due to restrictions and delay in i.ssuing 
licenses, as a result of which several research projects 
could not be developed according to the time schedule. 
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Plant Improvement 
Induction of Haploidy 

Investigation is in progress at lARI. Initial 
obstrvatioiis showed varietal difl'erence in eallnsing 
ability in culture media. However, no enibryoids 
could be obtained in any of the varieties, I'urther 
work on standardization of the media is in progress. 

Induction of Mutation 

Observations were carried out on tlu* seedlings 
raised I'rom seeds and clonal cuttings irradiated with 
X-ray (Annual Scientific Report, 1972-’73, pp. 
4(3-47; 1973-’74, [)p, 43-44). None of the plants 
show(‘d any sign of visible mutation. 

A lew experiments on the radio-sensitivity of the 
lea plant v\ere also (arricxl out at Long Ashton 
Research Station, IJ.K,, by the Plant breeder during 
his visit to the Institute in 1971. Single node cuttings 
from a few glass-house grown tea plants wt-rc' sub- 
jected to acute gamma ratliations from cobalt-bO 
sources. 'Llu' doses wck' 0 , 2, 1, 8 and 12 krads at 
0.223 rads/se('. and 111.82/rads/sec. (aittings were 
irradiated in dry condition and under water in order 
to determine the LI).,^ for tea under diy and wet 
condition. 

li radiated cuttings were grown in propagation 
beds under mist and observation on the fx reentage 
survival of cuttings were taken after 14 weeks. 
Results showed considerable variation in tolerance 
of tea cuttings to the rate of irradiation. 44ie LD . 
for fast exposures was about 3 krad both under dry 
and wet condition, whereas the HH-y for slow ex- 
posures was 6 krads and 10 krads under dry and wet 
tondition respectively. 

Clonal criteria 

Data collected awaits statistical analysis. The 
objects of this study is to find out the morphological 
criterion or criteria, if any, associated with vigour 
and quality of a tea plant and thereby to help in 
clonal selection work. 


Production of clonal seed 

Out of the pollinations carritrd out in 1973-‘74 
(Annual Scientific Report, 1973-'74, p. 12) to screen 
out the combiner clones, most of the crossings done 
with T V 1 and J'V 9 were successful. 'Lhe jxTcent- 
age s(‘ed-sct was generally high with 'I’V 1 as a 
h'lnale parent in ell the combinaiions, the average 
iKiiig 13.9.3 pirtcnl. Whereas, the success with 'I'V9 
as a hunale parent was low in all the combinations 
tried, giving an average of only 6.32 per cent. 'I he 
seedling raised Jrom these .s<‘eds are under observa- 
tion lor their growth and uniformity. 'The selected 
stocks will be planlid out in long term trial in 197.3 
wint('i . 

Some more pollinations w<t<‘ doru* using six 
standard 'I V clones as female partiit and three 
clones as the male panait. Altogether 1133 polli- 
nations wert‘ done in 14 different combinations. 
Initial obs<‘rvalions indicate that all the cx)mbina- 
tions are likely to be successful. 

In the intersjK'dlic cros.ses attempted Ix^tween 
lea and other related specie's (Annual Scientific 
Rt'port, 1973-'74, p. 42), viable seeds were obtained 
only from the ciosses with (i japoriica and (.\ kis.si, 
'The seedlings rai.se-d from the cros.ses are under 
obse i vation for their growth, vigour and morpholo- 
gical characters. 

Production of Triploids 

Altogether 22 seedlings were obtained from the 
1973- 74 pollinations between the low quality vigo- 
rous tetraploids and high quality diploids. 'I’hc 
.seedlings are under observation for their growth 
and vig(Tur. The selected bushes will be propagated 
for establishing fair-sized trial plots. 

Some more pollinations were done this year 
using five high quality diploid clones. 
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Agricultural trial of clonal seeds 

Observ.Ttions were carried out on the various 
characteristics of the six biclonal and one polyclonal 
stocks planted out in the long-term trial. All the 
stocks were vigorous and uniform in their morpholo- 
gical characters. However, the plants are still very 
young and sullieient quantity of leaf was not available 
for manufacturing trials. 

Trials on these biclonal storks were stjirted in 
the Donars and ('achar towards tin* end of 1974 
and an' under observation, particularly for th(‘ir 
drought resistant properties. 

Seeds of th(‘ above storks w(‘re also distributtTl to 
different agro-climatic regions for establishing large- 
sized observation plots. 

Se('ds from one l)irlonal stock for Darjeeling 
areas were sent to clonal [)roving station at Oing 
'I'.E. for long-term trial. 

A few mor(‘ biclonal combinations w<‘re selected 
for establishing micro seed baris to produce seeds 
under natural condition and their subsequent evalu- 
ation. 

Preservation of Genetic resources of tea 

I'Jeven clones of diverse morphological characters 
were added to the list of reserve stocks during the 
year. 

Selection of vegetative clones 

At present more than lOO clones aie und(‘r various 
stages of selection in six long-term trials. Out of the 
completed trials, three clones were linally selected 
for release as soon as multiplii ation plots could be 
established. 

Rooting trial was completed for SI'l mother bushes 
selected during 1973- ’74 from different jats. The 
seedlings of the successful clones are under obser- 
vation for final selection of the clones for long- 
term trials. This will be planted in autumn 1975. 


Selection work was also carried out in an old 
section of hybrid tea in a neighbouring estate. 'Ehirty- 
one bushes wert! selected for evaluation of cup- 
characters and yield during the next season. 

Management of shade 

A brief n'port on the findings of shade pattern 
was reported in the Annual Scientific Report, 1973- 
’74, pp. 44-46. In continuation of those studies, the 
effect of shade on leaf temperature of tea bush and 
on quality of niarle tea are given below. 

(a) Shade and leaf temperature 

A stand of mature tea in tlu' held consists of a 
dense canopy foliage between 20 to 40 ems thick 
about 1 meter above ground level. The relatively 
high I.eaf Area Index of the crop, usually between 
3 and 7, depending on the leaf pose ol’ the type of 
t('a, results in a high (h'gree of self shading. 'I'his in 
turn implies llial lcav(‘s in th(' canopy are subject to a 
different ('uviromiK'nt than those on buslj surface. 

'fhe two major factors that affect h'af tenq^eia- 
ture are solar radiation and wind spc'ed. loom the 
n'sults obtained so far it is ch'ar that h'aves dc(‘p 
In the canopy ar(' exposed to a low radiation regime, 
and wind speeds usually less than 1.0 kilonu'ter per 
hour, ddiis relatively constant ('uvironment pro- 
duces leaf teuq)eratures that are very close to, but 
slightly below ambient dry bulb Uanperatures. I'Ik' 
depression of leaf tc'iuperature is almost entirely due 
to the cooling effect of transpiration. 

On the bush surface, however, eonditions are 
very different as these leaves are exposed to extreme 
fluctuations of environmental factors. During the 
course of a single day, solar radiation may vary 
from 0 to 1.3 gram/cal/cm* /min-' and wind speeds 
from 0 to 20 miles or more per hour. A lOTl a 
change! in leaf temperature may occur within five 
minutes with concomitant changes in photosyn- 
thesis, respiration and transpiration rates. In Assam 
where most of the tea growing areas are in a shcltcre^d 
valley, wind speeds are very low and during daylight 
hours, leaf temperatures of surface leaves are almost 
invariably above air temperatures in spite of transpi- 
rational cooling. 
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The elTcct of shade is mainly to reduced incident 
radiation on the bush surface and therefore reduce 
leaf temperatures. Tin* degree of reduction depends 
on the density of the shade canopy and the tempera- 
ture dilferenc(. between shaded and unshaded leaves 
varies from 3 to ITT’. When shade tree foliage is 
sparse enough to allow small sunfleeks to fall on tlu* 
leaf as finely marked spots of light, its temperature 
is above that of air l)ut below that of unshaded 
leaves. When direct light is eoniplet(!ly intercepted 
(no sun-fl('eks) by a dense canopy of the shade ticM's, 
the h'af and air tranpei atures are generally very 
similar, with leaves usually slightly warmra than air. 
Heavily shaded tea bushes tluaefore, have all iheir 
leaves very close to air terrgrr'raturc throughout 
the day whih* upper leaves of lightly or unshaded 
bushes may be betwr'cn 2 12 Cl above air tempera- 

ture, depending on the wind speed and irrterrsity 
of radiation. 

In contrast to the eonditiorrs in South India, 
Sri Lanka, Malawi or Kenya prevailing dirring the 
harvesting season, in the Assam Valley wind specals 
arc generally very low with high r relative humidity 
and ambient ternpcTatures. Rr sirlts from fi(‘ld and 
laboratory experiments show that wind movement, 
shade and transpiration cause* a reduction in leaf 
temperature and that under conditions of high 
ambient temperature’s the absence erf wind move- 
ment may increase leaf l(’mper'ature’ upto 14'’(’ 


higher than air, causing leal scorch and eventual 
death. An inertrase of relative! humidity also afTects 
the rate of transpiratiern. 

In nrarked cerntiast te) (‘xperience in most other 
t(’a growing areas, the beneficial elfeets of light 
shade’ e)n se)me‘ types of te’a bushe’s in Assam has been 
eh’arly elernonstrateeh The |)re’sent study cle-arly 
shows that recluetiorr in leaf le’mperalirr e on the bush 
surfae e’ by the use’ of shade* tr ees is pr imarily rc'spe)nsi- 
ble! for these’ benefits. It has alse) been she>wn that 
h’af lernjre’rat lire’s are’ influenee’el by leaf pe)sc and 
that under the envirmirnental eemditions ejf thei 
Assam Valley some* ferrm of shading is necessary 
in the case of horizontal leaf tyjre’s of' te-a bushes. 

(_(f) Shade and quality of made tea 

Along with the! experiments at Mmrnuria T.E. 
ein tire’ e-fleet of shaeh’ in redue ing incide-nt I’adiation 
the’ieby influe-neing the envireinment of the te’a bush, 
a few expe-rirnents we’re also earried out on the* 
eprality aspect of the* made te-as from the bushes 
under sun and shade’. 

Leaf samples were ('olle cted at weekly intervals 
fr errn theshaele-el and unshaded plots and 1 kg samples 
were manuhicturcd ferllowing usual practicers for 
e’vahratiern of e np-eharactei s. 4'he’ experirne’nt was 
contimie’d for 3 )e'ar's and the* teas were tasteel by 
I’ocklai tasters. De tails are pre’se-ntecl in Table 1. 


Table 1. Details of average yield and valuation of teas from sihaded and unshaded plots (Average over 3 years) 


Shade 

Manure (kR/ha.) 

N P 

K 

Av<'ra«;<’ yi<’ld 
(kR/ha.) 

Av»‘raRe valuaiion 
(Paise/kR) 

t otal out turn 
(Rs/ha.) 

Full sun 

112 


947 

()t)l 

5041.47 

Under Od()ratis.siiua stiade 

112 


1194 

594 

7080. 12 

Full sun 

224 


975 

591 

5791.50 

Under Odoratissima .shade 

224 

- 

1242 

578 

7178.76 

Full sun 

224 45 

?)t) 

1244 

582 

7240.08 

Under Odoratissima shade 

224 45 

‘M) 

1405 

574 

8064.70 


Results shows that there is a slight decrease in 
the value of tea when yield increases either due to 
manure or due to shade. It has also been reported 
earlier that reduction of light intensity to 50 per cent 


of full sun, either by mechanical shade or by tree 
sliade did not pioduci! any adverse cfTcct on the teas. 
If anything, the overall character of the leas slightly 
irnprovi’d in the lower light. 
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There should therefore be no apprehension that 
shade depresses quality and the belie! in some quar- 
ters that quality of tea deteriorates under shade, 
is l)aseless. On the eontrary, the total outturn per 
hectare in terms of money will be much higher 
from shadeil plots than in tin* sun, which is evid(‘nt 
from three years aver^ige data ( r<ible 1). 

Pruning and plucking 
Dry matter content 

'file rale ol' dry matU'r ])roduetion is one of the 
imj^ortanl factors associated with yield, fdforts w<!re 
made to estimate the rate of increment of dry 
matter per unit leal aica by leaf disc method. Leaf 
discs w(‘i(' collected horn both the lamina of a leaf 
in th(' morning. I^at(‘r in the afuanooii the discs 
w(‘re again collected from the same leaves. 'I’he 
increment in dry weight was estimated |)er unit 
l(‘af area in unit lime, it may be fiossible to identify 
th(' yield potential c)f a cIoih* or a jal by this imMhod. 
However, other factors like number of shoots, re- 
generation of shoots (‘tc. will also havi* to be taken 
into account. 

'I'he i-csulls from this investigation suggest that 
if a tea bush is pluckcal late during a day, the incre- 
ment in dry matter will lx* substantially higher than 
plucking earlier in the day. In oihei' words, the 
outturn of made tea horn tlu‘ saiiH* quantity of leaf 
will be significantly more if pluck(*d at 1 p.m. than 
the leaf plucked at 8 a.m. in the morning. 

'The rate of increment, however, will vary depend- 
ing upon environmental conditions, which is gene- 
rally more significant in bright weather than in dull, 
overcast conditions. I'urthcr investigation is being 
continued. 


Dormancy 

'fhe findings on the eflfeet of day-length on winter 
dormancy have Ix^en reported earlier (Annual 
Scientific Report, 1968-’69, pp. 61-62; 1969-’70, 
pp. 44-45; Nature, 224:5218, 1969). Early bud 
break could be induced by application of gibbcrellic: 
acid and also by increasing day-length for a period 
of two hours with weak artificial illumination in the 
early morning and late afternoon. 

With the commissioning of the Orowth Room, 
inv(‘siigalions were carried out on the effect of tem- 
peratuiu*. on dormancy of tea. It was found that 
flushing could be induced in tea within two we(‘ks 
during (he short-day periods in winter months by 
subjecting the plants to higher temperature and 
humidity, creating similar conditions to the summer 
months, fhe conclusion to be derived from this 
c.xpeiinK'nt is that low temperature and humidity 
appears to be one of the factors f'or winter dormancy 
in tea in North-East Indian conditions. 

Considerable firogress was also made in the work 
involving bioassay of growth regulating substances 
which was‘l)ricny reported in the Annual Scientific 
Report, 1971 -’72, }). 49. 'I'he study suggests that the 
l)alance between the growth promoting substances 
lik(' gibbcrellic acid and growth retarding substances 
like abscisic acid in different periods of time is mainly 
responsible for growth and banjiness in tea. Variation 
in the hormonal balance from clone to clone was 
also ol)servcd during different seasons. (Generally 
the level of growth promoting substances was highest 
during July/August, but gradually declined as the 
season advanced towards winter. 
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Clonal susceptibilities to mites 

Susceptibilities of the 'IVxklai clones 'I’V h to 
^JVIO to scarlet iiiile, Ihevipalpus phoenicis (Oeijskes) 
^\e^e assessed frorri tlie fecundity ol' the mile on these 
c lones. At 'ih' Cl w itli 7()-7r)‘;(, R.M., the mite laid 
inaxinnmi number of eg^s on 'I’Vh and '\'V 10 ( Table 
1 Oviposilion was least on 'TV 7 and 'TV9, with 
J 6 occupying an intermedialc* f)osition. At a 
temperature' of '!() (;, more or less a similar trend 
was maintained thougii comparalivc'ly more eggs 
AN ere laid on ('ach of these clones. 'This suggests 
that the intrinsic ovipository response of (he mite 
somewhat varies with tempc'ratui'e. 

lns[)ite ol' (Ik* clonal variation in the oviposition 
response ol tin* mile, the duration of its life cycle 
K'lnains fairly steady on all clom's. ( Ih'arly, by 
\ it lue of its high fecundity alone, the mite can initiate 
a high poj)ulation build up on some* clones. 

'The factors that regulate* tin* varying oviposition 
of the mite on the clones are not immediately c U-ar. 
However, subtle difterence in the composition of the 
leaves from dilTerent clones could be consecjuential. 

Table 1. Fecundity and the life cycle of lirevifKilpUi phoenicis 
(Geijskes) on some Tocklai clones. 


30 c 


Clones 

.\\ crage 
No. ol 
eggs laid 

Duration ol 
life cycle 

Average 

No. of 
eggs 'aid 

1 turation 
life- cycle 

TV 

7 

30 

10 

21 

TV 7 

4 

29 

10 

24 

T\' a 

11 

2a 

la 

25 

rv 9 

■1 

30 

5 

25 

IX 10 

15 

29 

17 

25 


Sampling of the field populations of red spider 
on China clones 317/1, 317/2, 317/3, 317/4, 317/5, 
317/6, 317/7 and 317/8, all under comparable condi- 
tions, indicates that at any time of the year mile 
population remains comparatively high (average 


4..57/leaf) on clone 317/5 and 317/7. 'J’his contrasts 
sharply with tin* steady low population (average 
l.fH/leaf) on 317/1 and 317/6, with rest of the clones 
oe('iipying an intermediate position. 'These obser- 
vations cannot bi* generaliz<‘d at present; long term 
studies on the population cycle of (h<! mites on these 
clones are eon(imK*d. 

Distribution, abundance and succession of 
pests in relation to field management practices 

a) Red spider population in relation to 
pruning/skiffing 

Comparative studies on the population eyele of 
red spider on mature Assam 'J'eas urMh'r. dilfcrentiid 
pruning were initiated. 'Tin* pruning operations 
include unpruiK*, top prune, light skiff, medium 
skiff and deep skiff. J hroughout tin* year \mpnmed 
and light skiffed teas had more mites than compara- 
ble teas under other forms of skifhng/pruning. 
I<<*lative abundanee of the mites on these teas is 
possibly linked to tin* availability of the leaves under 
different forms (if pruning/skiffing, though the role 
of other re!a(('d factors cannot be ruled out, 

b) Red spider infestation, yield and acari- 
cidal treatment 

Direct estimations of the potential yield loss 
due to red spider, and (he effect of spraying on 
yield and mit(‘ population cycle w(Te made. 

A plot of 150 Assam bushes was sprayed with 
Kelthanc 18.5 E.C. at 0.23% concentration in May 
1974, with a comparable plot remaining unsprayed. 
Starting one week after spraying yields from these 
two j)lots were reeord('d every week, till end October. 
Pooled data (Fig. 1) show a steady increase in yield 
in the acarieidal treated plot, resulting in a cumula- 
tive 13.5”(, increase in crop at the end of the ohser- 
vation period. 
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Fig, I, Yield of tea from Kelthane 
treated and untreated plots 

It was worthriotin^" that ihr acai was applii-d 
only once during the (xpcrinicnl, but this kept (he 
mites under control continuously lor 12 weeks (Fig 2). 
From July population in the treated plot stinted 
increasing, but took a downward trend in September. 
In tin- untreated plot an inexplicable population 
decline (Fig. 2) in June was followed by a sharp rise 
in July, eventually staying at a low level during 
August and September. Fhe contrast in ihv. popula- 
tion cycle of tlu! mite on treated and untreated 
plots was clear. 

Biology of cockchafer 

Bionomics of the two species of cockchafer, 
Sophrops pla^iatula (Brenske) and Sophwps iridipenms 
(Brenske) in the North Bank was continued. Fhe 
additional newly recorded species from North Bank 
include Anomala perplexa (Hope), Ammiala hilohala 
Arrow -Awd Adorelus versulus Har. We are not certain 
as yet about the <-xtent of damage by tlu'se newly 
recorded species but observations continue. 

Tlic sea.sonal cycles of .S’, plagiatula and .V. irridi- 
pennis are very similar to that of Phylhphaga sdicollis 
in the Dooars reported earlier. 



Fig. 2. Population cycle of red spider on 
Kelthane treated and untreated plots 


'Fh(' diapausing adults become active and emi'ige 
during Marcli to May, but unlike Phvllopha^a tlu'y 
do not setll(‘ eitlu'c on Albizzid chinnisis or on Indl^i^o- 
lera Uysmanii. 

Adults lay approximately 40 ('ggs during the 
oviposition p(‘iiod of 15 days. Fecundity rate ((‘mains 
m'arly uniform, lyggs hatch into the first instar in 
about 10-12 days lime during Maich to May. f'irst 
instar grubs feed on dry tea leaves, tender I'oots of 
gras.ses etc but not on the bark of young clones. 

In about 4 to 5 weeks time the first instars develop 
into th(‘ second instais which shift its pri-ft'cence for 
food from leaf litter to live bark of young clonal t<‘a. 

In the held both fu'st and the second instar grubs 
are attiacled by mulch or any other decomposing 
vegetation. A survey shows on an avei'age four 
grubs ate picsent in 0.09 sq. mette (one Sq. ft.) of 
mulched atea as against 1.5 grul)s in the comparabh' 
unmulched areas. 

Biology of root knot nematodes 

Amongst the plant parasitic nematodes infesting 
tea in the nui'sery, root knot nematodes (Meloidogvne 
incogtiiln.^ At. jdVdntcQ and A/. h(ipl(i) and loot lesion 
ntmiatodc! [Pralylenchus brachyurus) are common. Of 
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these, A/, incognita is the most important. Studies on 
certain aspects of its biology were made. 

Effect of soil pH on root knot infestation : 

A pot trial was carried out with soils having pll 
levels 4.0, 4.5, 5.0 and 5.5 inoculated with populations 
of A/, incognita all at the sam(‘ level, 'Tea seedlings 
were grown in these pots for 75 days, when the 
plants were uprooted and scored for tlic degree of 
infestation in the roots. Aieloidogyne incognita infesti- 
bility (Table 2) was higher in more acidic soils. 

Table 2. Effect of soil pH on infestation by the root knot 

Afeinido^ yne incofitnta 


^)oil pH 

Average degree of inleslatiot» 

4.0 

2.02 

4.5 

1.44 

5.0 

l.O 

5.5 

1.0 


Effect of soil types on root-knot infestation : 

A pot trial with sandy loam, loam and silty loam 
soils with initial Aieloidogyne populations at the same 
level suggests that the degree of infestation is slightly 
more in sandy loam soil. Further experiments to 
confirm this finding are in progress. 

Effect of temperature on hatching of Aieloi^ 
dogyne incognita eggs ; 4 o study the hatchabi- 

lity of the eggs of A/, incognita at various temperatures, 
equal numbers of egg masses were kept at 20 , 25"^^, 
30°, ,35°, 37.5° and 40°C. Hatching was maximum at 
30°H; only a few hatched at 37.5' Cl and none at 
40 which therefore is the thermal death point 
for Aieloidogyne eggs. 

Comparative efficiency of nematode extrac- 
tion methods : A scries of extractions were carried 
out, processing the soil sample with known nematode 
populations, by four different methods, (1) Baerman 
technique (2) Oostenbrink-Baerman technique (3) 
Sieving technique and (4) Floation technique. 
Extraction efficiency (Table 3) of the techniques 
was in the order of Floatation > Sieving > Oosten- 
brink-Baerman > Baerman. ITe efficiency was 
assessed on the basis of nematode numbers extracted 
in unit time. 


Table 3. Extraction efficienciea of different methods in 
nematode isolation 


Mriho<ls of Prrcentagr nematode population extracted 

extraction in 24 houri 


Floatation 

Sieving 

( lostcnin ink- Haennan 
Baerman 


Morever, a series of extraction liials by floata- 
tion leebnique show (Fig. 3j that about 85% of the 
extractable nematode population from a soil sample 
can be isolated only within 3 hours after processing 
the soil sample. 



Fig. 3 Average numbers of Meloidogync incognita 
Chitwood extracted at different hours 
by Floatation technique 

Nematode Survey in Darjeeling : A ncmatologi- 
cal survey on the distribution and abundance of 
various plant parasitic nematode.s was conducted 
in Darjeeling. Major nematode pests of tea are 
concentrated at altitudes varying between 270 and 
1800 m (900—6000 ft.) 

Screening and evaluation of pesticides Eco- 
nomy in acaricide use 

'Foxicities of Nuvacron 40 E.C. and Zolone 35 
EC against red spider (a 1.25, 1.00, 0.75, and 0.5 
litre/hcctarc were compared with that of Tedion 
8% EC at 1.25 litre/hcctarc w'hich is the standard 
recommendation. 


80 

72 

()() 

10 
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Even 4 weeks after spraying performance of hectare was close to it. At 0.75 and 0.50 litre/ha 
ledion was by far the best (lable 4), though the Nuvacron was moderate, but Zolonc w^as least 
performance of Nuvacron at 1.25 and 1.00 litre/ effective. 

Table 4. Effect of lower concentration of some acaricides on the cumulative mortality of red spider 


Number ol red spider alive per 100 leaves on the fourth week after spraying 


Rate Lifrc/ha Nuvaeron Zolone Tedion Control 


Mean % rrdurtion Mean % reduction Mean %reduction Mean %reduction 


1.25 

1.00 

0.7.5 

0.50 

Lr«st significant 
tlifferenre at V 0.05 


Ifl 

9(i 

43 

90 

4 

99 

439 

31 

9.1 

151 

()G 





95 

7« 

230 

48 




129 

124 

52 

71 

25G 

42 


- 

- 


Omitc 57 E and Acarthanc 27 EC each (ai 1.2.5^ 
1.00 and 0.75 litres/hectare against red spider were 
equito.xic. In all cases cumulative mortality of red 
spider four weeks after a round of spraying stood at 
90 per cent level. It is possible that at lower doses 
these acaricides could be toxic to low populations 
of red spiders. 

Insecticides 

Looper caterpillars : Nuvacron 40 E(', Phos- 
vel 34 EC, Dursban 200 EC and three formulations 
of Endosulfan 35“,\ EC were sprayed (tv 1.25 litre/ 
hectare against mixed populations of dilfercnt instars 
of looper caterpillars [Biston suppressaria Ouen). 
All were nearly equitoxic, though with Nuvacron, 
Asafan and Endosulfan a slightly higher mortality 
was obtained ( Table 5). 

Tablt 5. Mortality response of looper caterpillars to 
some insecticides ($ 1.25 litre/hectare 


No. of living population of 
looper after one Nvcck and 
Inserlitides percentage reduction over 

control (Mean of 3 replica- 
tions) 



Mean 

% reduction 

Asafan 

1 

9G 

Starsulfan 

3 

89 

Phosvel 

7 

71 

Nuvacron 

I 

96 

Endosulfan 

2 

94 

Dursban 

5 

80 

C>)nlrol 

25 

— 

Least significant difference at 

P-:. 0.05 

4.42 


C.V. % 

47.38 



Scale insects in Darjeeling ; Elsan 50 ECj 
Phosvel 34 EC and Zolone 35 EC when sprayed in 
August each at 1.25 and 1.00 litre to a hectare gave 
satisfactory control of Ceroplastes sp. But Dursban 
was effective only at 1.25 litre to a hectare, sugge.sting 
that the mortality response of the scale may vary 
with the nature of the insecticides. 

Termites ; Dursban 200 EC, Elsan 50 EC, 
Nuvacron 40 EC, Phosvel 34 EC and Thiodan 35 
EC wtTt; sprayed at the rate of 10 and 5 litres per 
hectare. Only at 10 litre/hectare, did the insecticide.s 
keep the termites under control for about a year. 
None of the insecticides was effective at the lower 
rate, suggesting a strong concentration of insecticide 
is essential for long term control of termites. 

Nematocides 

DBGP (40 litre/hectare), Temik 10 G and Thimct 
10 G (each at 180 kg/hectare) were applied to the 
soil with an injector gun against root-knot nematodes 
{Meloidogyne spp.). Only Thimet 10 G did keep the 
root knot population under control for about 10 
months: others failed to do so. 
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Sprayers 

Performance of a new sprayer, Ulva Micron 
(a new battery operated sprayer), was compared with 
that of conventional mist blower using Ethion 50 KC' 
at 1:80, 1:150, 1:300 and 1:500 against pink mite 
{Acnphylla theae Keifer (Watt). Performance with 


Ulva Micron at all concentrations of the acaricidc 
was slightly on the lower side compared to that of 
the conventional mist blower ('Fable 6). In both 
cases, high mite mortality was obtained at 1 :80 
concentration of ICthion 50 EC. 


Table 6. Comparative efficacy of two types of sprayers in controlling Pink mite Acaphylla thene 


Nunil)rr of live pink mite per 15 leaves on the fourth week after spraying 



1 ; 80 

n 

1 : 

150 

1 : 400 


1 : 

500 


Mean 

/o 

Moan % 


Mean 

()/ 

Mean 

O/ 


population 

rrcluction 

pof)ulation 

ird lie lion 

populati(tn 

rrdiK lion 

population 

rediH tion 

Mist 

hlowrr 

18 

fH) 

42 ‘ 

70 

If) 

70 

00 

55 

1 Iva 

Mi-rocrun 

Control 

27 

82 

.48 

75 

t)0 

r,i 

85 

45 

(No s[)iay) 

154 


154 

. — , 

l.5t 


154 


beast siLUiifirant dill' r»'n('r at J 

8 ().()5- 

47.21 






c. \'. % - 

12.24 









Tainting effect 

'Fainting trials were conducted with X-factor, 
'Fhinu't 10 (i, Ekalux 25 I'K 1, Dirnetron 100 JC, 
Stardifon 8 IX!, Stethion 50 IX! and Slarkel 18.5 
IX!. According to 'I’ocklai d'ea "Faster, none exce[)t 
X-faclor, did impart any taint to made tea. 

Pesticide residue tolerance 

On tlie basis of f)ur work and recommended 
rate ol’af)plieation, IXivironmental Prottxtion Agent y 
(EPA) of the United States granted a tolerance 
level of 8 ])pm to Zolone 35 EX! on made tea. 

Samples of black tea, manufactured from Aear- 
thane 27 EC! and Oinite 57 El treated plots are 
being processed for residue analysis. 

Pesticide Certification 

34 certificates of approval were issued to various 
formulations of plant protection chemicals. 18 
certificates were revalidated after bioassay studies. 
Agreements were made for formal testing of 28 
formulations of various pesticides. 

Scale insect biology 

The black scale, Chrysomphalus ficus Ashmead 
(Fig. 4), is a new record from tea. It damages young 


tea and V.P. cuttings and in extreme cas(‘s about 
70‘\, of the plants may l)e infested in the Dooars 
and .Assam Valley. 



Fig. 4 Leaf showing unfestation of Black scale, 
Chrysomphalus, ficus 

In the laboratory the eggs incubate for 1-2 days 
in summer against 2-5 days in winter. Female 
undergoes two, and the male four moults, before 
becoming adults. Fotal duration of the female 
instars is 23 days in summer and 63 days in winter: 
corresponding period for male instars arc 30 and 
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75 clays respcciivc ly. 'rh{.‘ relatively quicker 1 evelop- 
iiient of the female coupled with hij'h leeimdity 
(160 eggs during lif<‘ tim(‘) is eondueive to the ra])id 
establishment of the scale on young plants. 

A marked altitudinal dill(‘ren('(‘ exists in the 
distiibuUon of scale insects in Darjeeling. Phituvaspis 
manni ((Jreen) and Eriochiton Iheae ((irccai) ate* icstri- 
cted belvvc'cn 1050 and 1800 m (8,500 - 6000 (cct), 
but Pinuaspis thene (Mask(‘ll) is distributed mostly at 
lowei elevations, between 600 and 1050 m (2,000- 
3500 feet) . Ihology of thc^se sealers is likely to tcdcct 
this diiretences in their spatial disli ibulion. This 
aspect is now being studied. 

An armoured scale {Amlaspis dasi Williams) has 
been reeorchxl for the first time to attack china and 
china hybrid teas in Darjeeling. 

Integrated Control 

Fortnightly observations on the seasonal abun- 
dance of the predators of the red spider were conti- 
nued. In July average population of the (.occinellid 
predator StHhorus gilvijrons Mols. was 5.00 per tem 
leaves. The low mite population in the following 
two months was possibly due to the confounded 
effect of the activity of this predator and a natural 
decline in the intrinsic rate of multiplication of the 
mite. 

Field populations of the black scale, Chrjsornpha- 
lus ficus Ashmead, were parasitized by the encyrids 
(Hymcnoptera) ('omperiella bifasciata Howard and 
Microterys sp. Both are hrst records from tea, and 


between them they parasitized belwcen 28% and 
67‘),) of the field population of the scab* insect. 
Attempts arc* now being made to develop a 
spraying schedule that will utilize* the activities of 
these j^redators. 


MISCELLANEOUS 

Visits : Training 

Dr. B. Baneijce, Head, Dcpailiiicnt of Eaitomo- 
logy, was attached to the University of Nairobi for 
a year under a IDA World Bank Pioject, as the 
Visiting Professor in Agricultural I'hitomology and 
Adviser in l\st Management. Dr. Bancijee chaired 
the session on ‘'Pest Management ’’ at the fbXCEf^ 
Entomological Congress. He also visited several 
international research organization. Mr. N. Sengup- 
ta, Assistant Ihitomologist, was in charge of the 
department during his abs(‘nce. Mr. M. C. Borthakur 
went for a three months advanccal training in plant 
proti*ction technique at the Central Plant Protection 
'I’raining Institute, Hyderabad. 

V.P. trainees and newly recr uited Junior Scienti- 
fic Assistants from Advisory Department were given 
lefreshei’s course in Pest control technology. 

Advisory work 

Pest infested materials from member esates were 
examined and lernedial measures suggested. 4,000 
soil samples were analysed for eelworrn populations. 
Bioassays were made for the samples of pesticides 
received from estates. 
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Biology and control of diseases 
Red rust : 

(a) Work d uring the y(‘ar was mainly on the 
rheniotherajjeutic control of the dis(“ase. 

'Two experiments wck* laid to study 
the cflicacies of did'erent rhemi('al foimula- 
tions compared to that of standard 
(Opp'cr oxychloride (Blitox). 

{h) Biology and epidemiology of the causal 
oiganism Ccphaleuros parasiticus could not he 
studied as Hirst-Spore I rap was not function- 
ing, 

(r) Possibility of the use of reduc(‘d quantity 
of fungicide on red rust control w'as investi- 
gated. 

Alternate fungicides for economic control of 
red rust 

Trial No. I ; I wo triaIs--one in Moran ( irele and 


th(‘ other in (iolaghat circle were* laid out to find 
out alternate I'ungicide for economic control of rod 
rust. Young clonal tea was sprayed at different 
time interval, the lirst two rounds at fortnightly 
interval, and the next two at monthly int(‘rval. 
Kach plot had 50 bushes and treatments were repli- 
cat(‘d 5 times. IIh' degree of red rust incidence 
on a scoring of 0-4 (details of scoring reported in 
the Annual Scientific Report, 1975-74, p. 53), as 
influenced by difh'Kuit chemical spray for trial in 
Moran circle is presented in Pable 1. 

Trial No. 2 : In this trial two fungicides, viz., 'JTX; 
156 and 'PCX.' 157, was replaced by Blitox at 1 in 
1000 parts of water with and without Triton AT, 
other fungicid(‘s being same as in Trial No.l. 'Phi* 
results are also incorporat(xl in Palde 1 along with 
the results of trial No. 1. 


Dilution Disease iiu '(Irnta* 


SI. 

No. 


Table I. Average red rust incidence (over 5 replications) following various fungicidal treatments with different dose.s 

'IVeatment .Approx, close (k^/lia) 

IVial I IVial If Trial I Trial II 


1. Blitox ^ "Triton .\K 

2 . Blil.,x 

3. TOC l.V) 

4. TOC 1.07 

5. Difolatan 

(). Cetyl trimethyl amnioninm rhloride 

7. Dithane M-45 

8. Hlit(,,\ T 4 riton AT. 

9. Blinix 

It), Control 


1 

1 

1 .5 
I..") 
.009 
1.5 


2.5 


2.5 

.015 


400 

400 

100 

■100 

400 

•too 


0.21 

O.-^O 

1.12 

1.28 

1.80 

2 . 0-1 


0. M> 
0.22 


O.-W 
1 . 75 

! 4-'i 


C.D. at 5% 
C.V. (%) 


Amount of fungicide tised normally depends 
upon the spread and size of the httsh. 'Phe bushes in 
trial No. 2 were much bigger in size than tho.se in 
Trial No. I. Por this reason, about 1000 litres of 
water/ha was required in Trial No. 2 as against 
600 litres in Trial No. 1. 'I'berefore, it is better to 
specify the dilution and spray to efliciently cover 
the area, which may approximately be the quantity 
of fungicide stated above. 


1.0 ! : lOOO ().(,() 

1.0 1 : 1000 - 0.57 

1.83 

0.49 0.24 

25.27 20.48 


In these two trials, Blitox at 1:400 concentration 
gave the best control ('Prial 1). Use of Triton AI*^ 
improved its eflieacy. With lower dosages, the 
effect of Triton AE w^as not as evident as in the 
higher concentrations and no explanation was 
possible at this stage on its beneficial action or other- 
wise in disease control. 



Tocki.ai Experiment al Station 


Eerformancc of'l’OC! 156 and 157 was, however, 
encouraging whereas C'etyl trimcthyl ammonium 
chloride and Dithanc M-45 were not promising. 

Blitox at 1:1000 gave significanl reduclion in 
disease incidence, but not in the level as obtained at 
1:400 ( lable 1). 

Aj)plieati()n of lower doses of I'ungicides calls 
for an extremely high grad(‘ supervision without which 
the desired results connot be achieved. Thorough 
<lrenching of the ifames and h‘avcs is a must by 
hand operatc'd sprayers. 

An elaborate experiment is being laid out, in- 
cluding diO'erent lower doses of fungicide applied 
fortnightly for six rc unds, to decide upon the optimum 
dose of fungicide. 

Difolatan is an organic chlorinated hydrocarbon. 
Clarification about its use on tea under plucking is 
sought from the EPA. 

Branch canker 

Pancil ‘1’ (Indofil) and PP 395 (ICI) are being 
studied for the control of Poria in plains and Aolaos- 
ftora in Darjeelirig. 

Black rot 

Control measures of Black rot : Seven formu- 
lations, including Blitox, were sprayed on the 
black rot affected bushes in a tea estate in North 
Bank. The tea was planted during 1959-61. 'Two 
rounds of spraying were done and results observed 
on two occasions over 4 replications each consisting 
of 40 plants. 'Ehe results presented in 'lable 2 
show the degree of incidence on a scoring of 0-4 
following chemotherapeutic treatments. 

Table 2. Average black rot Incidence following various 
chemotherapeutic treatments 


SI 

rrcatrnml 

Degrrr of incidrnrr 

No. 


(Average of 160 



plants) 

1. 

Blitox 1 ; 400-1- Triton * AE 

0.37 

2. 

Difolatan 1 :400 

0.52 

3. 

Blitox 1 : 400 

0.55 

4. 

TOC 156 1:400 

0.74 

5. 

TOC 157 1 : 400 

0.82 

6. 

Bavi.stin 1 :1000 

1.09 

7. 

Dithanc M-45 1 :400 

1.33 

8. 

Control - unsprayed 

2.29 


C.D. at 5% 

0.45 


C.V. (%) 

31.6 


• Triton AE (a 00 ml/ 100 1 of spray fhiici 


Table 2 shows that amongst the alternate fungi- 
cides studied, Difolatan, EOCI 156 and 157, 

in addition to copper fungicides, gave best control 
of black rot. Bavistin (BASE), claimed to be a 
systemic fungicide, failed to give an adequate reduc- 
tion as copper fungicides did, tfiough it redueed 
incidtaice significantly as compared to that of un- 
sprayed controls. 

However, all the formulations tried, gave a sign i 6- 
cant n'duclion in the disease incidence. Blitox at I : 
400 with or without friton AE proved to be the 
best of all the formulations tried. 

In a single plot trial, 40 black rot affected plants 
w<‘r(“ sprayed with copper fungicide at 625 g/ha in 
two rounds and tin* resultant Irtaid was encouraging 
('fable 3}. 

Table 3. Effect of reduced dosage of copper fungicide 
on black rot incidence 

SI. rr(*atin(‘nt O^'gree ol inculc'iK C 

No. 

1. Unspravrd control 2.30 

2. Copper 5 ; 400 O.5.'-) 

3. Copper 1 : 1000 0.87 

Detailed study in this direction i.s being continued. 

Primary root rots 

Soil fumigation was initiated to control the 
primary root rot dise«ases of tea, i.c.. Charcoal stump 
rot caused by (Jstulina zonata (Lev.) Sacc., and 
Brown root rot by homes lamaoensis (Miirr.) Sacc. 
and I'rott. 'fhe first experiment was laid out in 
1973. Four more experiments were laid out in 
subsequent years in estates located in South Bank, 
North Bank and Darjeeling. 

The following soil fumigants are under study 
at dosages indicated : 

1. Vapam (Indofil) applied at 8 rnl/hole of 
25 — 30 cm deep dug at every 30 cm 

2. Tclone (Dow) -do- -do- 

3. Dichloroethanc (NOCIL) -do- 

4. Calixin 0.75 litres/ha 

5. Bavistin at 1 kg/ha as solution 

6. Lithium chloride 1 gm/sq. ft. (sq. 30 cm) 
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Fumigation was done to the extent of two rows 
of apparently healthy hushes alter uprooting only 
the dead bushes. Replanting was clone during the 
10th - 12th week alter the fumigation. One of the 
experiments has been under observation for two 
years but no mortalities have be(‘n recorded so lai. 
Observations will continue for another season prior 
to issuing recommendation. 

Blister blight 

Investigation on the control of lilister blight 
(ontinued in Darj(‘eling during 1974-75 to eonlirin 
the elfect of alternate fungicides and find out the 
possibilities of using lower doses of copp<T fungicides. 

'I'here were' 12 treatments ('Fable 4) with .s<‘ven 
eh('mi('al formulations. Ihe tr(‘atm(mts were repli- 
cated 4 times and tin* blister count was taken on 
•100 shoots collected at random from the pluckings^ 

'The top hamper was given 4 rounds of weeklv 
s|)ray and tlie final ob.servation was taken a w(!ek 
after the last round. Mist blowers were used in 
spraying exc cjit in treatment with copp(‘r oxychloride 
at 1 :800 concentration where a hand operated 
sprayer was us{'d. 

Shoots were plucked for observation prior to the 
spraying each week and th<‘sc were examined for 
blister count record within tlic mxt 24 hours. 


Table 4. Effect of Ghemotherapeutants in the control 
of Blister (Observation taken on 10.9.74) 





% sljoots 

% reduction 

SI. 

rrcaliDent 

Rate 

inlected 

ov<T control 

Xo. 



(Av. 400 





.shoots) 


1. 

Dilolatan 

2 . 5 kg/ha 

6.75 

85.32 

2. 

Dilhane M-45 

2 . 5 kg/ha 

6.75 

85.. 32 

5! 

roc l.% 

2.5 kg/ha 

5.. 50 

88.04 

4. 

roc 157 

2.5 kg/ha 

6.75 

85.32 

5. 

Sicarol 50 W.P, 

300 g/ha 

4.25 

90.76 

ti. 

Nickel chloride 

.500 g/ha 

14.00 

69.57 

7. 

-do- 

1.25 kg/ha 

7.75 

83.15 

8. 

lilitox 

1 .25 kg/ha 

4.25 

90.76 

9. 

Blitox 

0.625 kg/ha 

10.50 

77.17 

*10. 

Blitox with 

0.625 kg/ha 

11.00 

76.01 


Triton AE 

500 nil/ha 



11. 

Blitox 

1 : 800 

6.75 

85.32 

12. 

Unsprayed control 

46.00 

— 


C.D. at 5% 


3.87 



C.V. (%) 


24.76 



Nickel chloride is not recommended for spray 
as it is not cleared by EPA for use on food and fodder 
<rops. 

Flic position of Difolatan is still not clear. It is 
a organic chlorinated hydrocarbon. 

Fhe formulations studied have recorded a signi- 
ficant reduction in the disease incidence as compared 
to that f)f unsprayed treatments. 

Use of hand sprayer : After getting efficient 
control by using 0.625 kg of fungicide/ha with power 
spray(‘rs in the previous year, it was thought necessary 
to test the efficacy of th<‘ same cjuantity of fungicide 
applied with a hand sprayer. It is known that for 
the top coverage*, as is rccjuirc^d for blister blight 
control, spray fluid around 500 litres are reejuired 
for one hectare. 'Fhcrc-fore to have 0.625 kg of 
fungic ide* in 500 litres, 1 part in 800 parts of water 
is required and this as is evident from the table ha.s 
given very good control of the disease. 

Miscellaneous 

'I’V 18 clonal plants, w4uch were growing vigor- 
ously, developc*d le af scorch of an unknown origin 
and gradually the leaves dropped off. It spread 
from the middle portion of the bush to the bottom 
and top leaves and the attacked plants succumbed 
to the infection. 

( !ontrol of the disease by fungicides both organic 
and inorganic was not (mcouraging. Streptomycin 
sulphate at a rate of 5 gm in 5 litres of water when 
sprayed with a hand operated sprayer reduced 
disease symptoms and the further deaths were prt!- 
vented in 1975-74. 

No fungal organism was recovered from both 
platings ;is well as washing of the leavers. Macerated 
tissues yielded two bacterial starins from the infected 
leaves which appear identical to genus Pseudomonas* 
'I'hese are under study for pathogenicity and sys- 
tematic diagnosis. 


( 43 ) 



RESEARCH AND EXPERIMENT 
Biochemical differentiation of clones 

In (ontinualion of our project on l)iochcmical 
difl'ercntiation of clones based on ^rc'cn leaf analyses, 
1 V 19 and I V 20 were analysed for <‘n'/yine activity 
(QO.^, /d/ing/hour), total oxidisable polyphenols 
expressed as total oxygen uptake (/il/mg/2 hours), 
chlorophylls and amino a('ids of fresh leaf and 
thcaflavins (11') and thearubigins ( 1 Kj for eones- 
ponding black teas. 

O’he analytical data ('I’ablc 1) indical(‘ higher 
enzyme activity and lower oxygen uptakes for clone 

Table I. 


Biochemistry Department 

'I’V 20 than those for d V 19 but there was no appro 
ciable difference in thcaflavins and thearubigins 
contents of the corresponding teas of those clones. 
This means that eventhough clone dV 20 contains 
more active polyphenol oxidase, it does not have 
proportionately high total oxidisabh* polyphenols 
to |)roduce higher content of d !•’ din ing inanulaclure 
to enhance the quality of lea. In other words, these 
r(‘siills indicate that biochemically both the clones 
are of similar quality, d'hc avinagi' valuation given 
l)y tasters were practically the same lor teas of both 
the clones, which corroborates the biochemical 
observations. 


Enzyme activity and total oxygen uptakes of green leaf and TF and TR of the corresponding made teas. 
Figures expresed are the averages of 23 repeats 


Sourer of leaf 


Freshly plurkcd shoots 

Kn/ymr a< livily //l/tUK/hour Fulal oxyi'cn uptakes 

/d/iiin/ 2 flours 


Made leas 

IT FR I'K/TR 

(%) {%) 


d V 19 
d'V 20 


i:T:l(i ' 0.312 1 1 • 10 I 0.133 1.07 11.99 . 1 13 

ir>.ll T 0.102 9.10 I 0.179 l.li3 1.^).97 .103 


MANAGEMENT PRACTICES 
Pruning Experiment 

d\) study the biochemical aspec ts of the quality 
of the tea shoots under different management piacli- 
ccs, shoots were collected from the pruned and 
impruned bushes of clone d'Vl and d'V18 and were 
analysed for enzynu! actiyity, total oxygen uptakes, 
polyphenols [ ( ) epigalhxatechin (FXKf), ( ) 

cpieiiteehingallate (f'.ClG), ( ) epigalloeatechin 

gallate (I'XX!G) and theogallin (d’G) J, major 
amino acids and chlorophylls of gri'cn tea shoots 
and dd'* and d l^ of the made teas. 


Polyphenols and Enzymes 

Kesults (d able 2) show that tliere is no sharp 
dilVerence in the enzynu^ activity, total oxygen 
uptakes ol leavi's and d I-' and d R ol' the coi respond- 
ing teas, but there is always a li'ndency to show 
higlirn’ en/.yni(' activity and total oxygcui uptakes 
in the iniju lined shoots than those of the pruned tea, 
excejU that primed shoots from d V 18 show 
slightly higher enzyme activity. Similarly, dd'’ and 
d R contents are always higher in the iinpruncd 
than the corresponding pruned tea except for d VI 
in which case pruned teas show higher Id'' than the 
unpruned teas. Polyphenolic contents in d'Vl are 
the same for both pruned and unpruned bushes, 
but are higher in unpruiied of d'V 18 than the pruned 
d'V 1 8. 


Table 2. Enzyme activity, total oxygen uptakes and polyphenols of green leaf and TF and TR of made teas 

Sources 

Knzyine 

aetivily 

Leaf 

4'olal oxygen uptakes 

Futal polvj)lu-ii()ls 

I’ea 

IF 

FR 

Ratio 

Qffo/ /d/i 

ing/hr 

/zI/fug/2 hrs. 

(i-x;c f I'Tx; , !•( 

;c(;i))(%) 

{%) 

TF/FR 

d'V 1 (Pruned) 

13.84 

1 0.250 

10.93 1 0.107 

1 2. 5251) 

1.57 

17.49 

.091 

d'V I (Unpruned) 

14.14 

i 0.339 

11.38 1 0.235 

12.. 59.58 

1 . 33 

18.28 

.073 

d'V 18 (Pruned) 

13.71 

f 0.318 

8.43 f 0.080 

13.9871 

1.32 

13.71 

.098 

d'V 18 (IJnpruned) 

12.42 

i 0.284 

9.33 1 0.125 

15.. 5895 

1.43 

14.88 

.099 


( 



Annual Scikniihc; Rkport For 1974-7o 


Chlorophylls 

Both chlorophylls ‘a' and M)’ arc liigliri in the tea nnpruned sources ( rahle 3) throughout the entire 
shoots of the pruinxl bushes than tlie corresponding })lucking season. 


Table 3. Chlorophylls {%) of the tea shoots of pruned and unpruned bushes (Average of 23 observations throughout 
the year) 


Clone t'V 1 Clone lA' IH 


f ’oTiij^oiieiils 



I Jnpintwd shoots 

Pruned shoi»is 

1 iipruiual shoois 

Pruned shoots 

Chloro[)h\ lls a 



2.12 

2.42 

2.80 

2.91 

Chloniphvllv *1 

)' 


1 .4!) 

!.()') 

1 .(>♦) 

2.00 

(!hloropli\ lls a 

• 1) 


3.81 

4.11 

4.2(> 

1.91 


Amino Acids : 

Our i‘ai lier observation on amino at ids \ s tea 
quality is that major amino acid contents laspattic 
acid, glutamic acid, glutamine, theanim* etc.) 
were negativt'ly correlattnl vvidi (|uality ( r<)cklai 


Annual Rt^ports, 1972-73, 1973-74;. .Another 

obstM'vation showt'd that amino acids, in gtmeral, 
were highest in the (‘arly first Hush, lowest in th(‘ 
second Hush and high again in the autumn ( I’ocklai 


Table 4. Concentrationt* of major amino acids components m tea shoots plucked from unpruned and pruned bushes. 

Each figure (Mg/100 g dried shoots) in the average of 2‘*. estimations undertaken during the peiiod from May * 
to November 1974. 

Clone TV 1 Cllone lA' 18 


f Joinp()n<‘Hls Shoots of uripi unrd Shoots ol pi im<*<l Shoots ot unpt un«“cl Shoots (>t nmrufl 


hnnhrs 


A'^partii acid 41.7 

(dinaniic at id 172. (» 

Serine 17.7 

(dutamine 2t).7 

Alaninr 48.7 

'I'yrosinc 4.0 

Ja*ut in« s and isoleiK ines !4 . I 

Valinr 13.0 

'I'lieaiiinr 471.. 3 


Annual Report, 1972-73). Onr present work aims 
at amino acids contents in tea under diHerent agro- 
iiianageinent practices. I.,eaves from the pruned 
and unpruned bushes of clones d'V I and FV 18 
were examined lor amino acids throughout the 
plucking season and these teas were lasted by the 
Tocklai Tasters. I'rom the analyses (Tabic 4) 
we may conclude that in general, a sum 
total of aspartic acid, glutamic acid, serine, 
^alanine, glutamine, tyrosine, leucines, valine and 
theanine is higher in the pruned than in unpinned 
tea. T he quantities of aspartic acid, glutamic acid, 
serine and theanine were also higher in the leaves of 
pruned tea of each clom‘.s. In the light of oui earlier 
findings that amino acids arc negatively correlated 


l)’«.shrs hiislu-s hushrs 


18.7 

71.3 


11].(> 


207.2 

312.. 1 


113.4 


19.7 

27.2 


31.3 


()0.7 

27.1 


70.2 


38.3 

43. h 


32 . 7 


8.() 

10.8 


12.3 


20.0 

20.8 


23.9 


12.3 

13.0 


21.7 


708.9 

873. 1 


1250.8 


with quality, wc may conclude 

that 

teas from 

un- 

prnn(‘d liushes are better in the 

cup 

than the 

teas 

Ifom the 

pruned ones. Similar 

trend 

though 

not 

very signi 

licant has been observed by the tea tasters 


( I’able 3) 


Table 5. Correlation of taster's findings on made teaa 
with amino acids contents of green leaves 
(average of 25 repeats) 


Amino acids Tasters 

S'uucf (4 Kat mir)100 g dried valuation 

Icat Rs./kg teas 

Clone rV I, prumxi leal 1124.8 8.77 

Clone lA 1 , unpruned leal 811.3 8.87 

CMoiir I'V 18, pruned leaf 2021 . 1 8.30 

Clone TV 18, unpruned h-af 120(7.3 8.48 
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I'ocKLAi Experimental Staiion 


High rontfiit of amino acids in the teas from 
pruned bushes is due to the fact that a part of the 
amino acids and earboliydrates are reserved in tfie 
roots. It is already known that amino acid, 

are higher in the roots than the green 

leaves ('1\ 'I'akco Phylochemistr}\ 1974, 13 , p. 1401). 
In pruned bushes inetal>olic proe(*sses arc slow 
during winter, as a result translocation of these 
materials from roots to the growing regions is very 
slow. As soon as new shoots start appearing translo- 
cations of amino acids is rapid resulting in 
the higher content of amino acids in the pruned 
bushes than the unpruned ones. In the latter trans- 
location of the chemical constituents is an uniform 
pnH'css. 

Pigment Profile 

An interesting and comprelumsive result on 
pigment profiles of black tea was achieved last year 
at the Sheflield University by one of our staff. 'This 
observatif)!!, if further developed, may successfully 
Ite utiliz(*d for distinguishing the flushes, difTerentiating 
the clones on the basis of quality and finally chemi- 
cal evaluation of tea quality as a complementary 
tool to commercial tasting rather than depending on 
the tea tasters alone. With this object in view, a 


prototype unit (as applied in the Sheffield University) 
has I)een set up locally instead of .sending every 
samples of tea to U.K. as were done in the past; 
the work is in progress with encouraging results. 

Study of Darjeeling Teas 

A preliminary study of .some of th<‘ chemical 
components of Darjeeling green leaves (dried) and 
the corresponding made teas were made during 
the year. In general, the moisture contents of dried 
green leaves and much* teas were very high. Of 
other components, the tannin contents in green 
leaf and made teas were found to be* Ic.ss than the)se 
of the North East Indian plains green leaf and black 
teas; but total soluble nitre)gen and amino acid 
nitre)gen (in dried green l{*af and made: te'as) were: 
higher than those of N.E.l. Plain teas, 44' <S: 4’R 
values of Darje^eling teas (Orthodox method of 
manufiuTure) are comparable with the poor orthodox 
variety e>f N.E. Indian plains teas. Curiously 
enough, the Darjeeling teas arc pe)orer in re‘spect 
of colour and strength than tin* orthodox teas of N.E. 
Indian plain teas. I he sttidy of the enzyme make 
up of the leavers in the Darjeeling area may give 
a better understanding of tin* colour and strength 
of those leas. 


Table 6, 


Some of the chemical constituents of fresh leaf (dried) from Darjeeling area 


% Moisiun* 

% Sol. S{)il(l 

% Iannin (Lovvrnlhal inrlhod) 
%Cairrinr 

^<’1 nitrogen 
% Atnino acid nitrogen 


r78 


11 . 5)1 I .274 
•D.f)l + .787 
15.86 ( .572 
4.02 f .210 
2.17 t .32? 
1.0 I + .329 


T 135 


11.71 I .199 
44.701 .937 
16.104 .9.53 
4.08 r .238 
2.20 i .357 
1.02 + 0.348 


r 348 

11.79+0.317 
39. .34 I 1.086 
12.19+0.779 
3.69+0.233 
2.26 f 0.283 
1.19 + 0.278 


B 157 

11.60 1 .135 
43.48+1.174 
16.09 f 0.621 
3.65 + 0.223 
2.0 i 0.406 
0.99 + 0.420 


Table 7« Some of the chemical constituents of orthodox teas from the Darjeeling area. 


% Mositnrr 
%.Sol, Solirl 

% tf 

%rK 

% Tannin 
% CafFrinr 
% Total Sol. nitrogen 
% Amino arid nitrogen 


178 

10.92 I .500 
41.42 I .642 

0.66 i . 122 

8.914 .796 
14.44 f. 000 
3.90 f .200 
1.92+ .097 
0.76+ .0.54 


T135 


11.17 I 0.274 
40.57 + 1.419 
0.63 + 0.000 
8.88+0.765 
13.68 f 0.942 
4.07 + 0.158 
1.92 + 0.147 
0.74 t-0.115 


T348 

1 1 .044 0.534 
36.53 + 1.4.36 
0.43 + 0.000 
8.08 +0.374 
10.09 f 1.418 
3.7710.239 
1.83 + 0. 163 
0.75+0.095 


B 157 

10.78 4 .3.59 
40.57+ .455 
0.494 .0(K) 
8.274 .472 
12.874 .287 
4.21 + .249 
1.98 +. 118 
0.76+ .047 


Analysis of Samples 

One hundred thirty one sample.s from Research 
Engineering & Development Department and Tea 
Tasting Department and forty three samples from 
various tea estates were analysed for theaflavins 


and thearubigins and moisture contents respecti* 
vely. 

Moisture Meters 

Two Infra-Red moisture meters (Kaybec) fiom 
different tea gardens were calibrated during the year. 
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Tea Tasting Department 


Tainting of teas due to use of different commer- 
cial products both in field and factory 

Plywood tea chests bonded willi a new adhesive* 
Jbrinulation, n'ceived from the Indian Plywood 
Industries Research Institute, Bangalore w'ere tested 
to lind out if the new adhesive, which was more* 
economical than formaldehyde resin, could be 
used on plywood for bonding wit limit tainting the 
made teas or causing any other (h'leterious efVect 
when packed. 'Phese were compared with normal 
I {‘a chests from a commercial factory complete with 
tissue jiaper, aluminium foils and fittings. 


I'resh made teas from the same bulk were packed 
m thiie noimal chests and in three plywood (’bests 
bonded with a mw formulation to evaluate taint, 
moisture content and chemical deterioration of the 
t(‘as, if any, after storage* for 1 month, months and 
b months. Samph's of tea from these chests were 
sent to tasters at Calcutta, London and 'Pocklai 
for tasting and to the Biochemist for determination 
of theaflavm, thearubigin and moistun* content. 

I astet s evaluation and biochemical estimations are 
shown in tables 1 and 2 K^spectivily. Calcutta 
panel of tasters reports vveie m’gative in all respects, 
lienee their rmnarks can be ignor(*d. 


raster 


Date- 


Table 1. Taster’s evaluation of tea packed in chests of different materia's 


I'ocklai 


V'aluation 


IPIRl 

Chest 


( loMtrol 

Chest 


l.omlon 


Remark.s 


N’ahiatioii 


iI”IU 

Ch<-sl 


( k)ritr(>l 
( ’hest 


Rr-rnarks 


27.12.73 
21 .1.74 


2^.3. 7 I 
21.(i.74 


4/80 

4/80 


4/80 

(i/27 


()'27 


\o 

\<> 


\ (TV htll(' to eh()(»M‘ Ironi 
jinv of fhe.'^c' !iiani])lrs 
Xo remarks 
Xothini^ ‘foreinn’ 


Table 2. Moisture and chemical estimations of tea packed in chests of different materials 


Characters Moisture (%) I p 


( '.hest 

Date 

IPIRl 

(]h('st 

Control 

Chest 

IPIKI 

Chest 

( ]< »ni rol 

Chest 

IPIRl 

(]hest 

Contrr*! 

Chrsi 

initial 

24.1.74 

25.3.74 

24.(7.74 

.5.22 

5.92 

7.01 

(i.99 

5. 18 

5.. 50 

7.95 

(7.()() 

1.(42 

I.(')2 

0.34 

1 . (7( » 

1 . 75 
l.()3 

0.34 

1.39 

17.51 

1G.94 

6. .51 

15.95 

18.7! 

10.91 

6,42 

17. ()5 


(i) Polycoated Hessian bag, Polylaminated 
Hessian bag and Polylaminated Bitumen 
Hessian bag. 

(ii) Plastieoated White pa[KT and Plasticoalcd 
Glassine paper linings. 

These samples were received from the Secretary, 
Indian Tea Association, 6, Nctaji Subhas Road, 


I’he results shown in tables 1 and 2, suggest 
that IPIRl Experimental chests an*, as good as nor- 
mal tea chests manufactured with ISI specified 
mdhesive glues, for packing and .storing teas. 

Packaging and Storage 

Experiments using the following packaging 
materials were carried out during the season to 
test the suitability of them for packing made tea. 
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I’ocKLAi Exhkrimental Statiox 


Calcutta- 1 and Messrs Guardian Plasticotc Ltd., 
12, Ghi Minh Sarani, Calcutta. 

Fresh teas from the same bulk packed in eacli 
experimental baji^s and those in plywood chests 
were opened after a period of 1 month, 2 months 


and 3 months intervals to test for taint, moisture and 
chemical analysis of teas. Similaily teas packed in 
bags made of Plasticoated White paper, Plasticoated 
Glassine paper and normal plywood chests were 
opeiu^d in same manner. 'Fhe samples of teas drawn 
were tasted by the d’ocklai, Calcutta and London 
panel of tasters. Fhe results are shown in Table 3. 


Table .3. Taster’s evaluation of teas packed in different packaging materials 

(Tocklai Taster) 



PolvroaU'd 

P<)lvlaininar<‘ 1 

Polvlaininatrl 



Dale' 

I frssian Hai^ 

llcssi.'ui Bat* 

Hilniiicri 
lirssian Ma|L^ 

( lonln^l 

Kfinark 

19.10.71 

fi.OO 

t).00 

fl-OO 

(i.-'rO 

X.) 

19.11.71 

7.00 

t).00 

t; 00 

7.00 

laini 

!9. r/,71 

<>.00 

(..00 

5 . .'iO 

I)..'j0 


i\ e i .'tl‘r 

().00 

(».00 

.^> . .'iO 

() . 07 



Fable shows that there was no taint in the teas 
.stor(‘d in experimental material. Hut, the teas stored 
in plywood (best, was found to be better and was 
preferred compared to the experimental materials. 
However, there was piactically no difference between 
the Polyc'oated and I^)lylanlinated bags, 'l eas stored 
in Polylaminated bitumen bag received lowest 
valuation. 

'l eas sto'ed in box(‘s made of Plasticoated White 
Paper and Plasticoated (rlassine Papen* did not get 
tainted. Fhe teas stored in the box made of Plasti- 
roated Glassine Paper was preferred. 

Dual Manufacture with different extractions 

'Fhe objec t of the e xperime-nt was to find out 
the effc'ct on llu enp cliaraeters of made tc'a in thre e 

Table 4. Average valuation over occa 


diflei'cmt c'xtiactions of fine's. An attenij)! was made* 
to c'xliact 13'\,, 20",, and 30",, fines from a ic'pic*- 
sc'iitative cprantily of bulk leal* divided into three 
ecpial portions for making ol orthodox tea and lh(‘ 
coarse k'aves for C'F(! tea. 

'Fhe results ol* the' ('xpeiimc'nt are not conclusive 
and Irnther expcrinu'nts are eontc'inplalc'd. 

Dual Manufacture with different clones 

Furthc'i- attempts were' made to fhid out the! 
])c*i fbrmance of some ol the Focklai released c'lones 
vi/.., I'Vl, 'FV9, FVIO, FV12, 'I’Vlh, 'FV17, I'VIH 
arrd 1 VI 9 on dual rnamifaeture. Oit each occasion 
two kilograms ol’ Ic-al* from each of these clorres wer e- 
rnarinfactured in the miniature f’acloiv. 
ons for different clones und tasters 


1 astri's Wi'si Jt<*ngal focklai 


MetluKl ol Manula( Cure 

Olihodo.x 

c. r.c. 

Orthodox 

c;.r.c 

Clonr 



rv I 

I0.()t> 

(i.7(i 

8.(H 

0.97 

rv -9 

«.73 

().(i0 

0.21 

0 . 9.5 

rv-^io 

7.94t 

().9I 

(i.09 

0.(i2 

rv -12 

10.01 

(>.:T) 

7.71 

(i.85 

rv It, 

9.72 

().49 

7.19 

0.90 

IV 17 

11..'')! 

0.49 

8.37 

7.00 

TV l» 

7.87 

0.-15 

0.01 

0.02 

rv -19 

7.74 

(i.39 

(j.50 

0.(i4 

Critical difference at 5% 

0.7.7 

Ncri 

1.05 

0.28 



SI(;.N1FIC.\.N 1' 



1% 

1.01 


1.42 

0.37 

. 0-1% 

1.33 

... 

1.87 
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Annual 5k ientific Report For 1974-75 


Samples of made tea were tasted on each occasion 
by the West Bengal and 'I'ocklai tasters. The average 
valuation over (x:casions for difl'erent clones and 
tasters are given in Table 4. 

'riic rr^sults, shown in Fable 4, confirm our pre- 
vious findings that the quality of rV17 is approach- 
ing towards that of 'I’Vl (Annual Scientific Report 
1973-74, P. 62) by orthodox manufacture, the tip 
content of 'l'V17 was found to Ix' more than the 
Ollier cloiu's. It may be mentioned here that in 
evaluating the orthodox teas, the leaf appearance 
and tip content were taken into consideration. 

Green Tea 

As a part of the product divci'sification measures 
suggested by the l ea Industry and dej?ired by the 
'l ea Board, the Director included a study on green 
tea nKinufacture at focklai in the dejiartmental 
programme of work. 

Although 'I'ocklai miniature factory was not 
fully e(|uipped with the miniature* machines a few 
manufacturing trials were* carried out in this factory 
with the existing machines. Sample:; of green tea 
were sent to Japan and the Tea Board for evaluation. 
'I’hc'se were also tasted by Focklai tasters and analy- 
sis were carried out for biochemical estimations. 
'I’he results were, encouraging. Intensive study will 
be undertaken in the next year. 

Long-term clonal trial 

From a long term clonal selection trial conducted 
l)y the Botany Department in collaboration with 
this D(*partment, green leaf samples of 44 clones 
were manufactured tliroughout the season in the 
miniature factory, both by orthodox and (l.'F.Ck 
methods, for evaluation of their cup characters. 

^.I'hese teas were tasted on 15 occasions at Focklai, 
West Bengal and on a few occasions at London by 
the panel of tasters. 

From the summarised results it appeai-s that 
four clones are of promising quality. 


Manufacture from single bush 

During 1974 leaf samples from each of the 23 
bushes under trial for selection were manufactured 
in the miniature factory by tlie CFCl method for 
evaluation of tlieir cup characters, rhese teas were 
tasted at 'I'ocklai. From this evaluation, three bushes 
were found to l)e promising. 

Differentiation of clones and jats 

This experiment was carried out by the Bio- 
chemistry 13('partinenl in eollaboi alion with this 
Department to dilferentiate clones 'rVl9, 'l’V20 
and a jal. For this purpose 50 samples were manu- 
laclured in the miniature factory Ijy CT’C method 
during the year. These leas were lasted by the 
Tocklai Tasters and found hardly any difference 
amongst these three. 

Effect of management practices on cup charac- 
ters of made tea 

During the year two Tocklai released clones 
'TV I and I’VIH were studied to find out the effect 
of pruned and unpruned on cup cliai acters ol' made 
tea. 

This study was iniliat(‘d by the Biochemistry 
Department, but no conclusion could be drawn 
from this. So it was proposed to continue this study. 

The following experiments were conducted by 
the Agronomy Department in collaboration with 
this department for tasting and evaluation of teas 
manufactured from various treated plots. 

(i) DiHerent methods of plucking. 

(ii) N. B. K. manuring. 

(iii) Effect of zinc. 

(iv) Long term weedicide trial. 

The results of all the four experiments were not 
conclusive. It was proposed to continue this study 
in the next season. 

Tea Tasting 

During th(‘ season 10,995 samples were tasted. 
'This consist of 3150 samples from Tocklai, 3966 
samples from estates for advising on manufacture 
and 3879 clonal samples from estates. 
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RESEARCH & EXPERIMENTAL 
ROLLING 

Continuous Green Leaf Processing Machines 

1. Disc Type Continuous Roller : I’lic 122 c m 
(4?!") (’commercial Prototype Disc Roller which was 
sent hack to the Licens(‘(‘s, Port Phigineering Works, 
is now being copied by them For commercial produc- 
tion. 'Phe lirsi unit of the commercial version oF the 
machine is expected to b(‘ ready by the next season. 
4’he current r('commendation For using this machine 
is that it should supplement the conventional rollers 
for the second and subsequent rolls. Enquiries For 
its use in conjunction with orthodox rollers and 
(l.'r.(c.’s have been received From many quarters. 
Leaf passed through the Disc Roller is ideally condi- 
tioned For (I. r.Cl. cuts. Meanwhile design inodiFi- 
cations are being done with the 76 cm (3()"j proto- 
type Disc Roller at d'ocklai to improve its twisting 
action still Further. 'Phe work oF modification and 
Fabrication is progressing satisfactorily. 

2. Gutter Attachment for BX.C. and Rotorvane: 

'I'he manufacturing rights For this attaefiment has 
since Ihxti givirn to Port Paigineering Works. 'Phe 
design details For both the versions of this attachment 
have been finalised by them and the first Few cutter 
attachments are currently under ('ommcrcial pro- 
duction. Although original intention of getting 


the cutt<‘r Fabricated from stainless steel plates has 
iif)t been given up, search is being continued for 
alternative alloys which have intrin.sically high 
wearing and mechanical properties in respect of 
hardness and trmghness. One alloy manganese 
bronze, as used in shif)’s propellers, is being actively 
considered. Tests and commcrxial manufacturing 
trials in collaboration with member estates would 
be initiated as soon as the commercial version of 
the cutter attachment is made available. 

3. Continuous Tea Roller ; Phe 45 cm flH") 
prototype (lontinunus Tea Roller Fabricated at 
Tocklai was sent for trials under commercial condi- 
tions at Powkok 'P.E. where it was installed since 
the first w(r(‘k oFJune and was tried out till the first 
week of September under the supervision of the 
Second Research Engineer. 'Phe machine wa.s 
tried with difFerent modifications and adjustments 
with witliered leaf alone, to developing it into a 
machine capabh* of doing the entire rolling proces.s 
all by itself. 'Id complete lh(‘ first roll the same 
leaf was passed twice through the machine. But 
For the second and subsequent rolls leaf was passed 
only once through it. 'Ph<! monthly average* valua- 
tions and ‘assessments of leaf appearance* liased on 
'Pocklai Pasters' reports on these teas in comparison 
with that estate’s normal day to day manufacture 
are shown in 'Pable 1. 


Table 1. Results of Continuous Tea Roller Experiment at Towkok Tea Estate in 1974 for 100% orthodox manufacture 


.N 

o. ol cornparaUvr 

Partirulars of 

Average Valuation 

Rs./Kk. 

Average! points on leaf apuearance 

Month 

tests 

saMiple.s 

• — 

. .. 

. , . . . .. 






(iontinuous IVa 

Normal 

Continuous 'l ea 

Normal 




Roller 


Roller 











1st fine 

fi..34 

6.83 

7.77 

9.88 

June 

9 

2nd fine 

fi.28 

6.57 

7.66 

8.66 



3rd fine 

fi.tK) 

6.58 

7.33 

8.00 



Coarse 

5.93 

6.26 

5.00 

7.77 



1st fine 

fi.21 

6.50 

6.66 

7.88 

July 

9 

2nd fine 

fi.21 

6.70 

5.55 

8.00 



3rd fine 

6.50 

6.54 

5.77 

6.00 



Coarse 

6.26 

6.52 

5.66 

6.88 



Isl fine 

6.27 

6.64 

7.00 

8.18 

August 

22 

2nd fine 

6.52 

6.63 

5.75 

8.10 



3ixl fine 

6.15 

6.75 

6.16 

6.83 



Coarse 

6.42 

6.50 

5.71 

7.85 



1st fine 

6.53 

6.76 

9.66 

10.33 

September 

3 

2nd fine 

6.50 

6.70 

6.6G 

8.33 
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A few trials with the ( lontinuous 'Tea Roller 
were also made foi dual manufacture at 'I’owkok 


'i'.F. The average results based on tasters' re|K»ns 
are given in Fable '2. 


Table 2. Results of Continuous Tea Roller Experiment at Towkok T.E. in 1974 for Dual manufacture 


Xo. ol comparative Particulars of 

tests sample 


1 () 


1st line 
2nd line 
C. r.(k 


Averaj'e Valuations Rs./K(^. Average points «m leaf appearance 


( lonliruKuis I ra 

Normal 

Continuous 

Normal 

Rollrr 


l ea Rollrr 


().33 

().71 

?.(>() 

8.79 

b.'Ri 

b.bf) 

7.94 

8.8() 

( ).!■)! 

(i. 41 

9.02 

9.83 


The points on leaf appeaiance itientioned in 
Fable 2 are attributed to different aspects as shown 
in Fable 3. 

Fables 1 and 2 show that both in dry leaf ay){)ear- 
anet‘ and litjuor character, the (ioniinuous Fea 
Roller net'ds a little improvement to replace the 
<'onventional tabl(‘ rollers entirely to product' 

Table 3. 


ortlu>dox teas. In dual manufacture (J.'F.d. teas 
produced from thtr coarse rnal of the ('ontinuous 
lea Roller wtre valued higher, but the. apjxrarance 
ol these Itas was reported to btt slightly inferior. 
Modification work for further improvement of 
this machine was taken up after these trials and was 
completed during the early part next st^ason. The 
machine is scheduled to be tried out under commer- 
cial conditions at Barbam factory in 1975. 

Attributes to test appearance 


Dry Leaf C Colour 


Make 


dolour conlrnl of ti]) 


Am ibule 


Point .\ttiil)uic 


Point Attribute Point 


black 

blackish 

blat kish/( ircyish 
(ircyish 
( ircy/brovvn 


4 Well twisted 

3 Fairly well twisted 

2 I'airly twisted 

I Looselv twisUvl 

0 ( )pen ilat 


<) (if)lden tip f) 

1 Mixed lip 3 

2 Silvery & pair lip 1 

1 

0 No tip U 


4. Withered leaf Preconditioner for Orthodox teas : 

In the course of development of various continuous 
machines for orthodox manufacture, it was invaria- 
bly found that orthodox leaf appearance and liquor 
characteristics can only be obtained if the leaf blades 
and stems arc subjected to repeated bending and 
twisting action, which helps in fatiguing the leaf 
cells in the mechanical sense. Once these cells are 
mechanically fatigued by the above process, twist- 
ing and retaining the twist on them become an easy 
matter. 

'Fo do this, a withered leaf preconditioner, which 
is a simple device consisting of four pairs of 6 dia 
wooden rollers each 10'' long arranged one pair 
above another in four high was constructed and 
tried out at Tocklai in conjunction with prototype 
Disc Roller and Conventional Rollers only. I he 
results obtained from these experiments, as shown in 
following tables 4, 5 and 6, are very encouraging indeed. 


Table 4. Valuation in Rs./Kg. by Tocklai Panel of Tasters 


Date of 

Method of 

ist 

2nd 

Coarse 

manufarturr 

manufartut r 

lines 

Ones 


27.11.74 

Prr-ronditibnrr 
(u; 60 rpm. 1 
i>ist Rollrr 

6.00 

6.05 

6,05 


Disc Rollrr only 

6.50 

6.00 

5.00 


(amvrntional 

Roller 

7.00 

7.(X) 

6.50 

5.12.74 

Prr-ronditionrr at 

1 15 rpm. 
j-Disc Roller 

5.55 

5.60 

5.00 


Pre-ronditiemer 
(n] ()0 rpm. Disc 
Roller 

6.00 

5.10 

4.20 

6.12.71 

Disc t>nly 

Prc-conditionrr 
{ft! 1 15 rprn. -j- 

6.00 

5.15 

3.90 


Convrnlional Roll 

5.50 

5.05 

3.90 


Prr-contlilioncr 
@ GO rpm. -|- 
Convrntional Roll 

6.50 

5.10 

5.10 


Conventional Roll 

6.00 

5.50 

5.15 
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Table 5. Biochemical Assessment of teas, Date of manufacture 27.11.74 


”■* ■ 


Disr Knllrr 


l*r«-M<)TKlil'oner 1 Pa.ss Disc Roller 

(lorncniional Roller 


%'1'T 

7o'1R 

Valuation 

%\'V 

%1K 

V’aliialion 

%'fT 


Valuation 

!.s( fine* 

0.95 

9.H2 

Ks. (»..50 

().<K) 

9. -17 

Ks. ().!)() 

1 .08 

H.31 

Rs. 7.00 

‘2iul finr 

0.93 

11.07 

Hs. ().00 

0.90 

9.88 

Rs. 0.05 

1.12 

11.31 

Rs. 7.00 

( loarsf- 

0.73 

8.91 

Hs. 5.00 

0.70 

10.79 

Ks. I').05 

0.82 

10. (i8 

Rs. 0.5(^ 


Table 6. 

Biochemical asscFsment of teas Date of manufacture. 

5.12.74 




Dim 

Holler 


Krc-conditioncr * 00 

ri)tn. r Dis( . 

Kieeont 

lil loner 11.5 

.pnj. t Disc 






Kolli'i 


Kolld- 


«„TT 

1 R 

\’a!uaei‘ n 

"o'fT 

‘',,'fK 

V a! liar ion 

‘\,TT 

"n'l'K 

Valuatif n 

Isl Tine- 

0.(*5 

8. 11 

R.s. 5.55 

0..'''5 

8.51 

Ks. ().00 

0.74 

9.03 

Rs. 0.00 

Un<l 

0.70 

9.13 

Ks. 5.1)0 

O.lil 

8 . 28 

Ks. 5. 10 

1.00 

!().:19 

Rs 5.15 

( If'arse 

0.53 

7.17 

Ks. 5.00 

0.10 

5.()() 

Rs. 1.20 

O.fil 

7.32 

Rs. 3.90 

— - ■ ' • - - - 

— „ - . - 








, . . . -i 

In view 

of erreouragirrg resnlls 

obtained 

witli 

'!'() rt'ctify ibe* de-fect, experiments 

vve-re* (’arrie't:! 


ihis niacfiiiic, work on adding a set of H rnorr rollers 
to complete* a machine of 16 rollers on a H high 
inaehine has la^en taken in hand. 'The elective 
size* of the* rolle*r.s was still ke‘[)t at 10" fe)!* the* sake* 
of imifoi inity. It is (*xp(*e:U.*d that this prototype- 
unit will be tried at Dulflaghur 'I'.E. on 100'’,', 
ortheide)x manufacture, f’abrieation anel maehine* 


e)ut with 10 TIM se-gjne-nts whe*re the gi'oove* angle* 
was change*el he)m ’ te) 45 . I'lie change‘e)ver from 
55 to 45 enabled ns to ae liie-ve- a e hase-el gre)e)ve 
0.078" deep anel thus the millt'd gie)e>ve‘ was 
also inere-ase-el from 0.050" in 10 I’PI 55 grooved 
se*gnie“nls tei 0.068" in 10 'TPI 45 gie)e)ved segments. 


w'ork in ce)nne*e:tion with this inae hine* is pre)gre*ssing 
satisfacte)! ily. 

5. Machining Specifications for C.T.C. Segments : 

In 1971-72, trials were initiate*el at the pilot facteny 
with thre*e* sets of mini ( 1 . 1.(1. re^lleis te) stnely the: 
<dre*e:t of difl'ere-iit machining spe-eiriealions, and 
fre)m the* results e)f tlie*se trials re‘e'e>nnnendations 
were give-n to tho.se whe) re*e|uire ine)ie e>f PI' and 
Dust grades, to ge) fe)r 60 helical gre)e>ve*s per seg- 
iiient and 10 circumferential g!()e>ve-s per inch keep- 
ing the lanel to flank ratio 1:1. ( ;e>mmercial lacte>rie‘s 
utilising these spexifications have ie*j)ortt*d impre)veel 
re*sults compared te) the tt*a.s mannfacture*d with 
standard segnie-nts having 50 helical gie)ov(*.s anel 8 
circurnfere-ntial groe)ves per ineh. One of the snags 
in having 10 circumferential groove*s is that with 
a greVove angle of 55" the de*pth of the chased giererve: 
cannot excce'd 0.0625" in 10 M’lM segments eom- 
pared to 0.080" in standard 8 'I'PI segments. 
As a re'sult throughput sulVered. 


4'e-as we-ie inarnifactut'e'd anel sample's were sent 
for evaluation and tasting to 'I'oeklai, (lalcutta 
and Le)nde)n panel eef 'Taste*! s. R(‘j)oris li-oin ( lalcutta 
are* ne)t ie-e:e-ive“d yet. The average valuation anel 
ee)rnrne-nts obtained from grade'd te'a samples from 
i’ex'klai anel Le)nele)n pane-l e)f Tasters are* sheewn 
in tables 7 and 8. 

The* graeles f)ere:eritage:s showed the tie'nd 
as sherwn in table 8. 

The graele* perxentages indicate that total of 
broken grade's are reduced fre)rn 82.18'^’,, to 27.89'’,, 
while fannings and dust percenUige-s are increased 
fVerrn 66.29'’,, to 70.50'’,, without any appreciable 
incre'ase in the residue percentages. 

Typical comments ern the'se: experimental teas 
are as follows : - 
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Ta$rle 7. Evaluation of Tea. 


Date of 

Toeklai Valuation Rs/k^. 

I^odon 

loints 

maniifarturr 

N(»rmal 50 helical 8'rpl 
55'^^' groovf'S 

Lxpcriinenlal fiO helical 
45° grtKivcs 

Normal 50 helical 8 TPl 

55° grooves 

Fxprri menial 00 helical 

45° grooves 

ia.7.74 

(i.W 

0.75 

5. 87 

0..58 

20.7.74 

0.04 

0.90 

:i..58 

4.04 

27.7.7t 

O.OH 

0.45 

1 .Ofi 

0) . 47 

!().H.74 

0.4() 

(i.5() 

4.00 

0.07 

24.0.74 

(i. 15 

0.41 

;L42 

.5 . fi8 

4.0.74 

(i. 14 

0.44 

l».0I 

5.2t 

.NvtTa^r 

0.55 

0.50 

4.()t 

5.77 


Tnble 8. Grade percentage of tea 

Normal H FPI 50'^ r,xr‘'-rimenJal l(P 
.s:fYK)V(s 50 fK*liVaI TPf 45® tnooM s (ji> 

hrliVal 


HP, 

2 1 . 40 

IH.57‘5 

BPii 

10.88% 

9.42'\ 

PFi 

4<1.94o;, 

52.27% 

PFii 

9.02%, 

Mil 

Diisi 

0.74% 

7. 12“., 

Resi(hi«' 

1.01% 

I .01“, 


“Sainj)le C (Experimental) contains less fihre 
compared to sample* A (Normal)’' f'I’ocklai Panel). 

"‘Overall prel'erence for “A” (experimental) 
when taking account of leaf and liquor” (London 
PaiK-l). 

Reeennmendatious in this icgard is published in 
the December 1974 issue of the ‘"'I’wo and A Bud”. 


ol tlie (Jifhculty in retaining the wire mesh in posit- 
ion and the excessive sagging of the wire mesh band 
wiiieh vv'^as di/licult to eonirol. In the meantime, 
S.Ie has formally declined to (mter into an agree- 
ment with the d'.R.A. on ecalain dilfeienees regard- 
ing the t(‘rms and ef)nditions. ’The Engineering 
Sub-committe(‘ ol the I'.R.A. has considered the 
matter and has decided to award manufacturing 
licence to d’ea-Ma (Consortium of Calcutta. 'The 
other licensee Sleelsworth of Tinsukia has not pro- 
duced a single unit of this machine so far. 

I'l'om the study ol the behaviour of the machine 
in ('ommercial use, it has l)een suggested by the user 
that perha|)s the machine performance will be 
much better if the width is reduced to 122 cm (4 ft.) 
instead of the present 1B3 cm (6 it.}. I’he costing 
ol the machine with this reduced width wall l)e 
gone into with the eventual manufacturers. 


Fermentation 

Continuous Fermenting Machine: 1 he S.F. version 
of tiu* Continuous I'ermenting Machine installed 
at Ethelwold 7>a Estate in Upper Assam was in 
me during the year. Acc()rding to the Managing 
Din*ct<)r of the IVa ( lompany the results obtained 
from the Continuous Fermenting Machine during 
the hot spell in May were far superior to those obtai- 
ned by other methods of fermentation viz. I’erment- 
ing troughs or floor fermentation. As a result thereof, 
according to him, Ethelwold’s C.T.C. teas 
fetched the highest price on this group. 

7’he S.F. design which utilised woven wire mesh 
endless l)and as the leaf carrier has since been altered 
by the manufacturers to perforated tiays because 


Sorting 

Sorting Machinery for Continuous Sorting of 
Teas : Preliminary work has been taken in hand 
to design a simple sorter incorporating ch^aning 
and deballing devic es to enable producers of (fT.C. 
teas to sort out the grade s continuously on the same 
day thereby eliminating the necessity of bulk storage 
which in many ways detrimental to the teas. 'I’he 
fabrication work has been taken up at the workshop. 

Testing of Commercially available tea clean- 
ing machines : A slow^ spe(‘d fibre extractor 
supplied bv M/s. Saharia Engineering Industries 
Pvt. Ltd. of Dibrugarh was tested for its fibre and 
fluff' picking ability. The results of the trial with 
C4 ( ) teas are show n below. 
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Sorting Room I'mnperatiire f)3 69'^F D.B. 

HI 64’F W.B. 


Inbre content of the teas 
Fibre extracting ability of 
the machine 
Kate of feed 


2 to by weight. 
91 to 94«; by 
w’(‘ight. 

300 to 306 kg 


per hr. 

9’hc gap betwren the H" Dia PVd. 

Roller and the vibrating type 5 cm (2") 
myddh'ton tray 

Speed of PVCl Rollers 12 rpm. 

Speed of the crank-shaft. 100 rpm. 
'I'hrow of the Clrank shaft 1.08 cm. (3/8") 


'rh(‘ fibr(' extractor was found to be satisfactory 
in its perfoi inatice as such. 


Plucking 

Power Operated Plucking Aid : ' 1 fu! Enginci ring 
Division of Shaw Wallace (Company of Madras, 
our collaborators in the development of this aid, 
had some difficulties in getting some components 
for making the Mark IV type of Plucking Aid. 
Hence there was some delay and the aid could be 
made ready towards the end of this year. 4'rials 
w'ith this aid will be taken up during the next year. 

Oeneral 

The Junior (l.S.I.R. Research Fellow 
attached to the Department continued his 
■experimental work for further elucidation of the 
principles as suggested l)y Sir Frank Engledow and 
1..S.C. on his paper entitled “Some Comparatively 
Lesser known Physical Parameters of Fresh and 
withered Tea Shoot”. 

The Senior Research Engineer now also heads 
the 'Pea lasting Department of I’oeklai. In that 
capacity he had to organi.se training and tasting 
prograinines of the Tea l asting Department. Some- 
time had to be devoted by him on administrative 
and technical matters relating to that Department. 

As a result of the changeover of ownership and 
frequent lock-outs and other disturbances, all the 


licensees of Tocklai developed machinery were 
hard put to keep their concerns going. Consequently 
considerable time had to be dovoted by the Senior 
Research Engineer to induce the licensees to get 
the machines manufactured or attended to, in order 
to keep up the reputation of the Focklai developed 
tea machinery. 

In connection with the above and some patent 
inalleis and also for the finalisation of l ea Board’s 
Instant 4'ea Project to be initiated at 'i’oeklai the 
Senior Research Engineer had to visit Calcutta 
seven times during the year. He al.so attended one 
meeting of lh(‘ Fmgineering Sub-Committee in 
Calcutta. He attended the Silver Jubilee Celebra- 
tion of M/s. Ste(‘lsworth of 'I’insukia as a Tockhii 
representative. He paid another visit to StetTworth 
in connection with improvement and modification 
of th(' Tocklai Continuous Drier, Mark H. As a 
result of his suggf stions the height of the machine 
could be reduced by approximately 38 cm and the 
pric(‘ was reduced by Rs. 10,000/- per mat hine, 
'The S(‘nior Research Engineer also attended two 
meetings of the l.S.I. in Delhi and Bangalore. 

The Senior Research Engineer gave a seminar 
)n “Pruning and Plucking in relation \o manu- 
facture” at the Gariajan Club of Golaghat on 14. If). 74 
and another seminar on manufacturing and 
Engineering at Dewan 4’ea Estate in Cachar on 
16.11.74. He paid 34 advisory visits to different 
factories during the year. 

1 he Second Research Engineer was mostly 
occupied with the fabrication, evaluation, modifi- 
cation and trial of the prototype Continuous Tea 
Roller under trial at Towkok T.E. He visited Cal- 
cutta once in connection with matters relating to 
the patent for the Continuous Tea Rollers. He 
visited lour tea factories and Steelsworth of Tinsukia 
in connection with some engineering problems and 
the Engineering Seminar scheduled to be held next 
April. 
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Sampling and Experimental Technique 

Sampling of plucking rounds : I'hc objective 
of this study was reported in the Annual Scientific 
Report for 1973-74, p. 69. hor detailed study, large 
nunibcr of experiincnts continued for a number of 
years covering all aspects of tea culture in all regions 
of North- Hast India have been selected. Due to 
complicated nature of analysis involving a large 
mass of data, the computations of this study have to 
be carried out on the electronic computer. For 
this purpose data lecording system on the card 
has been designed. Scrutiny and compilation of’ 
wec'kly j)loL yields, number of bushes pe r plot, num- 
ber of r('plications and other details of these experi- 
ments are in progress. 

Crop-Weather Studies 

Ihe results obtained from a study on crop and 
rainfall data for the Jainti and Kalchini sub-districts 
of Dooars were reported in the Annual Scientific 
Report for 1973-74, pp. 69-72. I l<‘re results obtained 
from a similar study in the J)am Dim sub-district 
of Dooars will be re ported. 

Dam Dim Suh-di strict 

4 his study showed that rainfall during the seven 
periods, namely, October and Novernber-December 
of lh<! previous season, and January to March, April, 
May, June and July-September of the current season 
were all critically associated with the annual yield 
of tea in this sub-district. Rainfall during these seven 
periods together contributed about 60 per cent 
towards the annual yield. The relative contributions 
due to Novembcr-Dccernber, April and May rains 
were, however, more than the remaining four periods 
rains in this sub-district. 

Following equation (Equation I) derived from 
the set of data under investigation revealed the 
types of relationship between annual yield of tea 
and the rainfall during the seven critical periods : 


V 3.6107 Ri } 176.4.583 Rg 17.792(> 

RS 1 12.9555 R 3 [ 18.0250 R 4 | 8.3765 
r“ 1.6580 Rg f 107.5745 log^, R^ t 
543.3673 (1) 

where, Y annual yield of made tea in kg/ha; Rj, 
R.,, R 3 , R 4 , R^, Rg and R, are rainfalls in cm during 
Oc tober and Novc!mber-Deeemb(‘r of the previous 
season, January- March, April, May, June and July- 
Sej)(ember of the currc iit season rc^spectively. 

lujjualion ( 1 ) suggested that the annual yiedd 
incre ased with the increase in rainfall during October 
of the previous season at a constant rate of 3.81 
kilograms of maele^ te a per ha per centimetre upto 
the maximum rainfall observed during this period. 
VVl lereas, rainfall during Novcmber-Dccember showed 
benedicial effect on yie^ld upto about 5 ein, l)ut beyond 
dial limit yiedd deedine^d. F’urther, rainfall during 
January-March, .April and May showed beneficial 
e ffe e t on the annual yie ld upto the observed maxi- 
mum of 15 cm, 34 cm and 50 cm respectively; the 
relationship being linear between rainfall during 
respective period and the annual yield. Thus, ia 
all the five periods rainfall showe^d bencficdal effect 
on the* yield exe'e‘f)t that excess rainfall beyond 5 cm 
dining Novembe'r-De'C'ember showed detrime*nta) 
edfect. 

On the other hand, yield decreased with the 
increase iti rainfall during June from the minimum 
erbseived, i.e,, from 53 cm to the maximum observed, 
i.e., 110 cm. Rainfall during July-Septernber showed 
beneficial eHect on the yield but the* rate e^f incr ease 
in yield gradually declined as the rainfall increased 
and at the! obser ved maximum rainfall of 297 cm, 
the rate of incr ease was practically nil. Even at the 
observed minimum rainfall of 193 cm, the rate of 
increase was very negligible. 

'I’he study of the rainfall data .showed that in 
almost all the years rainfall during October, Novem- 
ber-December, January-March and April were 
much less than the rainfall upto which yield was 
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found to increase during these periods, i.e., 40 cm, 
5 cm, 15 cm and 34 cm respectively. I'his was ob- 
vious as the average rainfall during October, Nov- 


ember-December, January-March and April were 
only 16 cm, 2 cm, 8 cm and 14 cm respectively over 
the years under study (Table 1). These showed that 


Table 1. RainlaU and quanti^ of irrigation requirements during critical periods and the estimated gain -n annual 

yield due to irrigation 

Region : Dam Dim sub-district of Dooars 


Rainfall in ccnliineln* 


Crilkal period 


Average irrigation 

, . _ . - - - ncjuircment with • 

Minimum Maximum Average eetmomic return Actual aveiagt 

(cm) 


Yield of made tea in kg/ha 


Kstirnated with 
optimum irrigation 


October (Previous Season) 

5 

40 

16 

November to December ,, 

0.1 

8 

*> 

January to March 

((’urrent Seasion) 

2 

in 

34 

o 

April („ „ ) 

7 

11 

May (., ) 

14 

50 

29 

June („ „ ) 

53 

no 

80 

lulv to 

♦September („ „ ) 

193 

297 



Total irrigation rtHpiirement 


Uneconomic 

3 

7 14!13 2228 73') 

20 

Un(‘onomic 
Drain out excess 
water 



on an average there were dcliciencics of rainlall 
during October, November-Decernber, January- 
March and April by at least 24 cm, 3 cm, 7 cm and 
20 cm, respectively ( Table 1). I hese results 
suggested that if these delicicncies were compensated 
by irrigation, there would l)e a gain in yield. But 
the gain in yield per unit centimetre of rainlall 
during October was sut li that it would unlikely to 
pay for the cost of irrigation. Whereas during No- 
vember-Deceinber, January-March and April it 
would pay, because the return in 
yield per unit centimetre of rainfall during these 
three peritxls were mueh higher than that during 
October. During May, although average rainfall 
was less than the observed maximum of 50 cm upto 
which yield was found to increase ('Table 1), but in 
most of the years it exceeded tlic average, which 
meant that deficiency of rainfall during this period 
was not very acute. Moreover, the gain in yield 
per unit centimetre of rainfall during this period 
was such that it would most unlikely to pay 
for the cost of irrigation. 

- The types of relationship and the rainfall distri- 
bution in the Dam Dim sub-district, therefore, 
suggested that if irrigation was adf>pted to compen- 
sate the average water deficiencies of 3 cm, 7 cm 


and 20 cm during Noveml)cr-l)ec(*nil)er, January- 
March and April respectively, and adequate measure 
was taken to drain out the excess water during June, 
annual yield could be increased considerably ( Table 1). 
By using Equation 1, average annual yield was 
estimat(‘d ‘to increase from 1493 to 2228 kilograms 
of mad(‘ tea per licctare, whieh was equi- 
valent to 49 per cent (735 kilograms of 
made tea per hectare) increase over the 

actual average ( I able 1). l iom the eeo- 

noinic point of view, this study showed that 

replenishment ol rainfall deficiency by irrigation 
from November to April woidd be a paying 

proposition in this sub-district. 

Following important points need be stressed in 
the interpretation and implementation ol the above 
results. 

(i) Kslirnated gain in yield due to irngation would 
mainly depend on the period of irrigation, quantity of irri- 
gation in each period and draining out the excess rain watef: 
during the critical monsoon period maifdy during June 
as shown in 7 able 1. 

{ii) The results presented here are conspicuous to 
the average soil-climatic conditions for the sub-district 


( ) 



Annual Scientific Report For 1974-75 


as a whole. Therefore, if irrigation is proposed for any 
individual estate, it should be governed by a careful exami- 
nation of such factors as distribution of rainfall, soil type, 
depth of soil, etc. 

{Hi) Irrigation requirements as suggested need to 
he tested by actual field experiments before large scale pro- 
gramme is adopted. 

Survey on Field Management and Environ- 
mental Factors Affecting the Yield of Tea 

(i) Daoars & Ter at. West Bengal : The 
object of this survey was reported in the Annual 
Scientific Report for 1972-73, p. 79. Some of the 
computations of tlie large mass of data, collected 
from 112 member estates’ records in the Dooars 
and dcrai for each section covering 16 yeais, were 
carried out on an ICIL 1901 A (‘lectronic computer 
at l)ig))oi, for which four programmes were written 
in (lOHOL language. The results obtained so far 
are summarised below. 


(«) Soil type X Nitrogen X Age : Analysis 

o( th^ data showed that annual yield of tea increased 
with the increase in Nitrogen level upto the observed 
maximum of 150 < 180 under Loamy Sand, Mai 

Sand and Silty Loam; under Silty COay Loam, 
Loam and Sandy Loam uptc) the observed maximum 
of 120 ^150; and under Red Hank and Clay 

u|)to the observed maximum of 90 ^ 120 kilograms 

of Nitrogen per hectare. 

d’able 2 shows that the return in yield from unit 
kilogram of Nitrogen varii's from soil type to .soil 
type and also within soil type between levels of Nitro- 
gen. Further, under all soil typ(*s, the return in yield 
increased with the increase in Nitrogen level upto 
a certain level, and beyond that the return declined. 

'I his increasing tnmd of return from unit kilogram 
of Nitrogen upto a certain level of Nitrogen appli- 
cation is not in agreement with the experimental 
findings and the reasons for this should be con- 
sidered. However, the level of Nitrogen at which 
the return declined varies soil type to soil type. 


Table 2. 


Average return in yield from unit LUogram of Nitrogen at different levels of Nitrogen application on tea- 
above 7 years by soil types 

(Madr Ira in kg/ha) 


l.-ivcd ol 

Nitrogen 0 

^<30.0 30.1 

- <60.0 

60. 1 <90. < 

Soil type 

, . - - - - 




• • — ^ 

Loamy Sand 

X 

* 

(-'■') 

5.14 

(Wi) 

Mai Sand 

* 

3. 28 

4.54 


(27) 

(118) 

(1175) 

Silty Loam 

* 

3.40 

4.24 

(10) 

(160) 

(953) 

Sandv Loam 

* 

2.08 

4.72 


(325) 

(985) 

((>253) 

Loam 


* 

(74) 

2 . 8.5 

(389) 

Silty Clav Loam 

X 

« 

4.t»2 



(38) 

(178) 

Red Bank 

* 

3.52 

4.94 


(26) 

X 

(314) 

(15(j4) 

Clay 

• 

2.94 



(6) 

(175) 

— _ 

— 

— ■■ — 




Ovrr all 

I 120.0 120. 1 150.0 150.1-<C IHO.O Nitrogen 

levels 


9.02 

5.00 

3.4B 

5.64 

(M3) 

(62) 

(6) 

(302) 

4.30 

2.97 

2.31 

3.48 

(586) 

(102) 

(7) 

(2015) 

2.9(> 

2.91 

0.30 

2.76 

(379) 

(111) 

(») 

(1621) 

4.29 

3. 19 

X 

3.56 

(1895) 

(775) 


(10233) 

•1.78 

2.()6 

X 

3.43 

(50) 

(247) 


(760) 

5.11 

2.70 

X 

4.14 

(43) 

(56) 


(315) 

3.-55 

X 

X 

4.00 

(640) 



(2544) 

3.67 

X 

X 

3.30 

(96) 



(277) 


Ovei all 
Soil types 


(18067) 


N.B. : * : Base point. 

X : Data not available. 

( ) ; Figures within bracket indicate number of observations. 


(388) 


3.07 

(1720) 


4.25 

(10783) 


4.71 

(3802) 


3 24 
(1353) 


2.00 

Cl) 
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Under Loamy Sand the return in yield from 
unit kilogram of Nitrogen at all levels of Nitrogen 
was highest compared to that under oilier soil types. 
Again, the return reached its maximum of 9.02 
kilograms of made tea at 90 - -::120 kilograms of 
Nitrogen per hectare and beyond that gradually 
decreased to !L40 kilograms of made tea at 150 - 
180 kg Nitrogen level. Similarly, under Loam and 
Silty Ulay Loam, the return reached maximum 
of 4.78 and 5.1 1 kilograms of made tea at 90 < 120 
kg Nitrogen level and beyond that it derr(‘ased to 
2.66 and 2.70 respectively at 120 150 kg Nitrogen 

level. Whereas under Mai Sand, Sandy Loam, 
Red Bank and Silty Loam, the return reached maxi- 
mum at 60 - 91) Nitrogen level. It is als(< interesting 

to note li'om fable 2 that under Loamy Sand and 
Mai Sand, the return in yield from unit kilogram of 
Nitrogen at 150 -MOO level was considerable, 
whereas under Silty Loam at the same level of 
Nitrogen it was practically nil. further, und(‘r the 
nnnaining soil types, more or h'ss similar rates were 
found at the respective observed maximum hwel 
as found under Loamy Sand and Mai Sand at 150 
<180 level of Nitrogem. It may lx* mentioned 
here that though the number of observations at 
150- <180 kg Nitrogen level was much less as com- 
pared to that at other lower levels of Nitrogen, 
but these results indicate that under Loamy Sand 
and Mai Sand, application of Nitrogen upto 165 
kg/ha is likely to be profitable, while under Silty 
Loam, application bc-yond 155 kg/ha may not be 
profitable, further, under other soil types, the 
return in yield from unit kilogram ol Nitrogem suggests 
that application of Nitrogen upto tin; respective 
observed maximum level may be profitable, 'fhese 
results throw light for further research in this 
direction. 

The study of the data sliowed that annual yield 
of tea increased with the increase in Nitrogen level 
upto the respective observed maximum level for 
all age groups of tea and under all soil types. But 
the return in yield from unit kilogram of Nitrogen 
varied from age group to age group within soil 
tvpe and also between soil types within age group. 
From Table 3 it can be seen that in general, under 
all soil types, the return in yield from unit kilogram 
of Nitrogen gradually incrca.sed with the age and 


reached its maximum at age group 11-^20 years. 
Beyond 20 years old tea, the return decreased and 
thereafter, that remained more or less constant. 

I’his result suggests that in order to obtain maxi- 
mum benefit from limited Nitrogen resource, it 
should be allocated to areas wherc^ from maximum 
return can be expect(*d. 

It is, however, stressed that the results obtained from 
this survey with respect to soil types, i.e., the variation 
from soil type to soil type in respect of return from unit 
kiloiirarn of Nitrogen and the level of Mitro^en at which 
the return declined, were not observed in the various Nitro- 
gen experiments so far conducted under various soil types, 
'fhese findings, therefore, demand further research in this 
direction, 

{b) Drainage X Nitrogen x Age : 'flu* type 
of relationship Intween annual yield of tea 
and nitrogc'u levels showed that yield increased with 
the increase in Nitrogen level upto the maximum 
lev(‘l <)bserve‘d under respective drainage* conditions 
and age groujis. 'fhe yield under good drainage 
condition was, howc'ver, higher than that under 
[)o()r drainage condition at all lev(!ls of Nitrogen. 
l’'urth(*r, the return in yi(‘ld from unit kilogram of 
Nitrogen varied between poor and good drainage 
conditions within Nitrogen level and age group 
as well as between Nitrogern levels within drainage 
condition and age group. Also, the return vai it'd 
bc-tween age groups within drainage condition and 
Nitrogen level. These variations in return in yield 
from unit kilogram of Nitrogen are shown in fable 4. 

loom die table (4'able 4) it is interesting to note 
that in general under good drainage condition, 
the return in yield from unit kilogram of Nitrogen, 
averaged over all age groups, was practically double 
than that under poor drainage condition at all levels 
of Nitrogen. Moreover, the return in yield under 
good drainage was considerable, upto 120 -<150 
Nitrogen level, whereas under poor drainage condi- 
tion it was very small beyond 90-<120 Nitrogen 
level. Further, the return in yield beyond 90 <120 
Nitrogen level from above 20 years old tea planted' 
under poor drainage condition was very small com- 
pared to that of tea upto 20 years old. 'fhe result also 
indicated that under good drainage condition, 
application of Nitrogen upto 165 kg/ha on tea 
between 1 1 and 20 years old may be prod table. 
Here again, the number of observations at 150-< 180 
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Table 3. 


Averse return in yield from unit kilogram of Nitrogen within the observed level of 
on different age^roups of tea under various soil types 


Nitrogen (kg N/ha) applied 


Ac;r-^r{)Ufj 

(in year) 7.1 11.0 


Soil type 


Loamy sand 


Mai Sand 

'i.-m 



Silty ].f>ani 

. nu 


(IM) 

Sandy Loam 



(182) 

Loam 

:lo7 


(12) 

Silly C'.lay Loam 


K(vl Hank 

;L(.i 


(174) 

(, Hay 

8.02 

(12) 

Ovrr all 

8.82 

Soil l\prs 

{um) 


(Ma<Jr lea in kg/ha) 

M.l .::;20.0 20.1 <40.0 > 40 


7.2.8 

(i.20 

8.bH 

(21) 

(18b) 

(122) 

4.bb 

8.80 

8.70 

(H()2) 

(.881) 

(1081) 

4.. 81 

2.74 

2.7b 

(.80) 

(111) 

(1800) 

8.01 

8 . 

8.17 

(717) 

(2707) 

(0287) 

8.18 

8. 10 

8.1b 

(88) 

(112) 

(888) 


•1.18 

4.04 


(1b) 

(2b0) 

8.70 

8.4(. 

8.8b 

(217) 

(072) 

(1181) 

1 . 88 

8.81 

8.48 

(22) 

(lib) 

(07) 

8. 11 

8.04 

8.78 

(181.0) 

(1871) 

(1(»7(;8) 


N.B.; a not available. 

( ); I ij'isrcs wilhin luac kcl iruli(.a(c nurnber oi <)})sn\ ations. 


level was much less as coiiif^an'd to that at other 
lower lev(‘ls ol Nilrogeu and, therelorc, fui iher 
investigations in this direction aie called i'or. 


'I'his average iat(“ of loss in crf)p was calculatrrl 
on the basis of K'sjx'ctive maxirniiin percentage of 
vai aney observed. 


'I hese results, therel'ore, suggest that apait li'om 
doul)le return from unit kilogram of IVitrogen due 
to eflicicnt drainage system as compared to |X)or 
drainage* system, more return can also lx* obtained 
liom mature and old tea at high level of Nitrogen. 

(rl Vacancy Pereentaye X J^ature of Soil { Viri^in 
& Replanted ) x Ajoe : 

'The type of relationship between annual yield 
of tea and percentage vacarx y of tea bushes showed, 
that in general, loss in yield for each per cent of 
vacancy was lower at tfie lowca* level of vacancy 
than at th(‘ higher level upto the resfx*etiv(! inaximuni 
vacancy observed at different age groups, both 
under virgin and replanted soil. But tfie loss for 
each per cent of vacancy varied between virgin and 
replanted soil within age group and also betw<*(‘n 
age groups within virgin or replanted soil. Fable 5 
shows the average rate of loss in crop for <‘ach per 
cent of vacancy for different age groups under virgin 
and replanted soil. 


'Fable 5 shows that the averager loss in crop for 
each p<i- e<‘nt of tea bush vacancy is inor<r under 
virgin soil than that under replanted soil upto 15 
years of old tea. Fhis result indicates that the yielding 
capacity of young and youngish mature tea under 
virgin soil is higher than those under replanted .soil, 
f urther, beyond 15 yc'ars old, practically no dilfe- 
n nee exists in the rates of loss in crop Ixrtween tea 
under virgin and replanted soil. 'Fhis is possibly due 
to full ground (overage by the mature tea when 
the yielding capacity of bushes under virgin and 
replanted soil becomes e(jual. It is also noticed 
from the table {'Fable 5) that the rate of loss in crop 
due to vacancy gradually increases with the age of 
tea upto 15 years old both under virgin and replan- 
ted soil. But, beyond 15 years old, the rate of loss is 
reduced to almost half, and thereafter, nearly the 
same rate of loss is maintained under both the soil. 

I’hesc results suggest that in order to avoid loss 
in crop pro])er attention should be paid to infili 
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Table 4. Average return in yield from unit kilogram of Nitrogen at different levels of Nitrogen application on tea under 
poor and good drainage conditions by age group 


(Made lea in kg/ha) 


Level of 
Nitrogen 
(kg/ha) 

Drainage Ageg^oup 

rondilion (year in) 

7.1 <11.0 

11.1 < 20.0 

Poor 20.1 -<10.0 

>■10 

Ov er all 
ag<'-groups 

7.1 <11.0 

II. I <20.0 

Good 20.1 --<40.0 

-.*40 


Oyn all 
age- groups 


N.B. : * 

X 

( ) 


0 -< 20 0 

30. L <a).0 

(»0.1 -<00.0 00.1 

- <120.0 120.1 

-<1.50.0 1.30.1 

•< 18(1 

1.0 Over all 







Nitrogen 

♦ 


1.83 

l.Il 

. . . 

— 

1.47 

(») 


(35) 

(23) 



.. («) 

♦ 

3.32 

3.70 

2.00 


3.07 


(3) 

(82) 

(21) 

(‘9 


(115) 

« 

1.7C. 

2.00 

2 .. 50 

1 . 37 


2.13 

(«) 

♦ 

(10) 

0.00 

(758) 

2.75 

(378) 

2.35 

fH8) 

L35 

0.41) 

(1272) 

1.57 

(.')!)) 

(730) 

(4203) 

(1034) 

(200) 

(21) 

((>25()) 


1.3H 

2.70 

2.1! 

1 .(>() 

0.40 

1 .71) 

(7.^) 

(773) 

(5078) 

(115()) 

(3()('>) 

(21) 

(77019 


0.(i2 

3.. 3.3 

•t.OI 

3.,3i> 


2.04 

;:i0) 

* 

(29) 

3.34 

(128) 

.3.00 

(111.) 

5.32 

(117) 

5.24 

2.22 

(10.5(9 

4.22 

(2) 

(70) 

(504) 

(523) 

(174) 

*'(1) 

(1375) 

* 

2.12 

4.H(> 

5.22 

3.01 


3.80 

(135) 

4> 

((>3(9 

1.2H 

(24(>8) 

3.44 

((>08) 

4.02 

( 15(9 

3.10 


(1003) 

3.13 

(117) 

4> 

(330) 

l.tt4 

(3548) 

4.21 

(85(i) 

4.70 

(427) 

3.75 

2.22 

(5308) 

3.30 

(314) 

(1073) 

(7038) 

(2523) 

(371) 

(1) 

(11820) 


Base point. 

Data not available. , • 

Figures wthin bracket indicate number ol obseixaiums. 


Table 5, Average rate of Loss in crop for each per cent 
of vacancy for different age groups under 
virgin and replanted soil 

(Made lea in kg/ha) 


Nature 

of 

Soil 


Virgin 


Replanted 


Ag e-group (in year) 


3.1- 
<7 0 

7.1- 

<11.0 

11. 1 

<15.0 

1.3.1- 
< 20.0 

20.1- 

<40.(1 

>40 

10.2 

31.8 

32.7 

15.0 

10 3 

14.2 

(24(9 

(188) 

(110) 

(131) 

(180(5) 

(7750) 

17.1 

27.0 

30.3 

15.3 

14.7 

14.5 

(478) 

(380) 

(170) 

(131) 

(520) 

(23) 


N. B. : Figures within bracket indicate number of observations. 

thr tea bush vacancies, more so, for youn)< and 
youngish mature tea where the loss in crop due to 
vacancy is very high. 


(ii) Darjeelifii:, West Bengal : Collection of 
data on computerised ciuestionnairt* from the estates 
records for last 20 years and for each section in all 
the member estates in Darjeeling has been started 
from November, 1974. I’hese are being collected by 
four trained investigators, three from 'I’ocklai and 
one i’rom Darjeitling Advisory Dejiartment. I’he 
object of this survey is the same as outlined (earlier 
in the Annual Scientific Report for 1 972-’ 73, p. 
79 for Dooars and I'erai survey. 

Help to other Departments 

'i'he Department continued to extend co-opera- 
tion and help in solving statistical problems encoun- 
tered by research workers of practically all tht 
Departments of the Station. A number of experi- 
ments were planned, designed any analysed during 
the period. 
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I’hc rising trend in the cost of production of tea 
is causing concern to the tea industry, as the increase 
in cost is not matched by corresponding increase in 
the price of made tea. For the last one decade the 
cost of production is on the increase at a rate of 
about per annum, Init the [)rice has remained 
static till 1973. 1'his has resulted in financial loss to a 
number of tea estates in North-Fast India, and a 
large number of estates became economically unvi- 
ablc in the high cost areas. 'Fin- world wid(‘ oil 
crisis and resultant inflation did boost up the tea 
price to a certain extent in 1 974, but the trend seems 
to be a temporary one. In the long run the cost may 
continue to rise while the price may not rise propor- 
tionately. I hereforc', [)roper corrective measures are 
essential if the estates are to be kept (‘conomically 
viable. 'IV^klai, as a pioneer research centre of tea 
Has played a very vital roh' during the last 7.) yeais in 
providing the industry with the* scientific knowledge 
for better and improved technicpies for production 
and manufacturing. But a stage has now come to 
take cognisance of the impact of economic factors 
on the recommendations made by 'Focklai. 

In view of this, in the I’wentysixth biennial 
Tocklai Conference (I973) of the Fea Research 
Association, 'lea Industry recommended the estab- 
lishment of the Agricultural Economics Department. 

'I he department started functioning in December, 
1974 with the joining of the Agricultural Economist. 
'1 he main objective of the department is (1) to study 
the economic feasibility of the various recommend- 


ations resulting from the research at Tocklai and 
(2) to study the economic aspects of various agricuE 
tural practices in operation in the tea estates of 
North-East India. 

'I’he ta.sk is not an easy oin?. The industry has 
also to play an important role by providing reliable 
data for studying the economic aspects of various 
practices and operations in their estalt's. 'Fhis will 
then enable us to evolve the economics of the various 
practices and operations of the estates in the region. 

To start with, the department is trying to focus 
attention upon estates level studies, C^ui rently the 
following projects have been taken up for 
their economic evaluation. 

(a) Replantation and Rejuvenation. 

(b) Fetilizer application. 

(c) Weed & pest control. 

(dj Irrigation. 

(cj Pruning (!yclc. 

(fj Input optimisation in factory. 

I'he department started the first project, i.e.,. 
Economics of Replantation and Rejevenation in 
Assam Valley. A questionnaire was sent to 9S 
gardens for this purpose. 

The Agricultural Economist is being helped by 
an experienced Cost Adviser. 
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LIBRARY 

Ceneral 

Six new journals were added to the subscription 
list making the total of 131 journal lieads in the 
Library. In addition to thes<‘ the Library receives 
94 journals in exchangt* of 'focklai publications, 
and on lice l)asis. Aiaangement has been made to 
subscribe the foreign journals tliroiigh INSIKKl, 
New Delhi, from the next year. 

Reorganisation 

Clataloguing and ( Lissilication of books are in 
progress. A Bibliography on tea is being compiled. 
Weekly accession lists of l)ooks, journals etc. are 
is.sucd to Departments. Arrangements are being 
made to appoint one (Cataloguer and one Documen- 
tation Assistant to cope with the incrc-ased work 
in the Library. Paper cuttings on important topics 
relating to tea and other subjects Ijave continued 
tc be preserved. 

Loan Service 

'lea Sci(‘nce students of under-graduate and 
Post-graduate ('lass(‘s of Assam .Agricultural Univer- 
sity; Scientists of Regional Research Laboratory, 
Jorhat; 'l ocklai Scientists; a few Professors of local 
colleges and State (iovt. Odicials utilised the Library 
during the year. 

Book Binding 

811 Books and Journal volumes were bound 
this year. Old reports and other documents of 
historical value were also bound. 

Library Statistics 

Total No, of Books -3887 
Books added durng the year -121 


Periodicals and Journals received 1274 
New Journals added 6 
Pamphlets and Bulletins 616 
Maps 3 
Reprints 106 

Publications consulted in the Library 3054 
Publications issued to Departments 1067 

PUBLICATIONS 

'The activities of the Publication Section increased 
to render services to the new Membe rs of I'RA and 
Non-Mc mlx I S. 

'I'he following pnblications were issued from 
'l ocklai : 

1. Two and A Bud - Vol. 21, Nos. 1 & 2, 

2. Two and A Bud Vol. 22, No. 1, 

3. Two and A Bud Subject Index -Vol, I, 
No. 1 to Vol. 21, No. 2. 

Miscellaneous Reports 

4. Proceedings of the 'Iwentysixth (Conference 
held at Tocklai on 13th, 14ih and I5lh Novem- 
ber, 1973. 

а. Annual Scientific Rejwrt for 1973-74, 

б. laiginecring Research & Development Depart- 
ment Qjuartcrly Reports for quarters ending 
30th June, 30th September, 31st December, 
1974 and 31st March, 30th June 1975 (Circu- 
lation restricted). 

7. Cuide to Tocklai {(Cyclostyled). 
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Appendix^ A 


LIST OF EXPERIMENTS CONDUCTED IN THE MEMBER ES'J’ATES 

By 

THE ADVISORY DEPAR TMEN T 


South Bank, Assam 


Project Index Year oi 

slai 


Soil Relialiilitalion trial 

Sangsua 

AS 

lOd 

1972 

.\PK manuring oi’ mature 

lea 

Tanitola 

AS 

108 

1978 

-do- 

'Thowra 

/\S 

111 


-do- 

Ru|-ai 

AS 

111 


-do- 

UilHoo 

AS 

120 


I’oliar application of Zinc 

Panilola 

AS 

100 


-do- 

Sepon 

AS 

112 


-do- 

Daimukhia 

AS 

1 If) 


-do- 

Uokakhal 

AS 

121 


Shatle in relation to 'IVa 

mitril ion 

IT.oiw a 

AS 

110 


-do- 

Porduhi 

AS 

in 


-do- 

Melhoni 

AS 

IP) 


Urea 'Trial 

1 )uklin.ga 

AS 

12') 


Plucking <‘xy)eriinent 

Nahortolli 

AS 

12t) 

1971 

-do- 

Lohp.olna 

AS 

l;};) 


Infilling experiment 

Halmai i 

AS 

1 20 


-do- 

K.alia|)ani 

AS 

i;f2 

s. 

Rejuvinat ion 

Tara 

AS 

1 28 


-do- 

'Teloijan 

AS 

180 

,, 

-do- 

Khoo; iUai 

AS 

181 



North Bank, As^am 


Projet't 

Site 

1 ndex 

^■ear of 
starting 

NPK Manuring of mature 

Aia'eorani 

AN 123 

1973 

tea 

Monaharrie 

AN IP) 

1973 

Shade in r'dation to level of 
tea nutrition 

Dliulapa- 

dung 

IVrtalighur 

AN 122 
AN 118 

1973 

1973 

— — - - 


• ' — 

- - - • — 

Response to Foliar appli- 
( aiion of Zinc 

'Tezpur & 

Ciogra 

Monaharrie 

AN 124 
AN 117 

1973 

1973 

Rejuvenation 

Kac hari- 
gaon 

'I'c/pur & 

(iogra 

Baghmari 

Kachari- 

— 

1974 

1974 

1974 

1974 

Inlilling 

gaon 

Baghmari 

— 

1974 

DilTercnt methods of 

Dhvdlie 


1974 


plucking 


Cachar, Assam 


Troitet 

Site 

Index 

Year of 
stai tng 

Sl'arle in r»4alion to lev(l 
ol tea nutrition 

Arruttiporc 

Paihernara 

c: 

c 

42 

43 

Hi 

Responsf to foliar appli- 
( ation of Zinc 

Longa i 
Sileoorie 

f! 

C 

41 

40 

1973 

1973 

NPK mannring of mature 
ten 

Silcoorie 

Longai 

U 

c 

38 

39 

U‘73 

1973 

Ulorial Res[)()nse to N in 
<litrerenl Agro dimalir 
K'gions 

U(K)mber- 

gram 

c 

20 

19(32 

1 nfilliug 

Longai 

c 

14 

1974 

IVueking 

llattikhira 

(] 

15 

1974 

Rejiiv irialion 

fsahhecl 



1974 

-do- 

Lon gal 



1974 


Dooars & Terai, West Bengal 


]’r(»j<'et 

Site 

Inrh'X 

V’ear of 





starting 

Reliahililalion ol Lanrl 

BhogotpoK' 

1) 

27 

19(34 


( irassmore 

D 

28 

1964 

NPK. manuring of mature 

Nimtijhora 

1) 

57 

1973 

tea 

Bagrakote 

D 

55 

1973 


Sam Sing 

D 

58 

1973 


(iungaram 

FR 

7 

1973 

Nitrog<‘nous Ferlili/er 

Baradighi 

D 

33 

1967 




— . 

- - - - 

( llonal resyxmse to N in 
different Agro < liinatic: 

Nyasyler 

I) 

24 

1962 

region 





(Cultivation and Weed- 
control 

Chuapara 

D 

42 

1970 

Shade 

Nya Sylcc 

D 

9 

1958 

Shade and nutrition 

Dalgaon 

1) 

51 

1973 


(landrapara 

D 

50 

1973 

Foliar application of /.inc 

Kartick 

D 

52 

1973 


Bhogotporc 

D 

54 

1973 


Baradighi 

D 

53 

1973 
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'l ocKLAi Experimental Saticn 


Project Site Index Year 6f 

siariin.:^ 



Karl irk 

D 

41 

I9(i9 


Jainli 

1) 

40 

1909 


Faun 

1) 

47 

19(i9 

Infilling 

l)cm Dima 

D 

1:9 

19<i9 


Saha\)ad 

T'R 

4 

19t.9 


Mohnrgong 





& (inima 

TR 

:5 

19t)9 


R>dak 

1) 

4(i 

1974 


1 lalgatui 

D 

44 

1972 


Matelli 

1) 

44 

1972 

Rejuvenation of old tea 

Killcott 

1) 

45 

1972 


Kuinlai 

1) 

47 

1972 


( iimgaram 

TR 

5 

1972 


Rirpara 

n 

5H 

1971 

Plucking 

Dalscngpara 

I) 

59 

1974 


llansqua 

L) 

(iO 

1974 

Clone Vs Nitrog<'ii trial 

Nagrakata 

1) 

48 

1974 

Potash Soil sampling trial 

liaiahari 

D 

49 

1974 


Darjeeling 


Project 

Site 

Index 

Year of 





starting 

NPK manuring 

Chonglong 

Dj 

44 

1974 


Nagri Farm 

0] 

45 

1974 

Nitr<)g<-nous Fertili/<-r 

Lingia 

Hi 

29 

1907 

(Uonal response to N in 





diHereiU Agro climatic 

Nagri Farm 

nj 

19 

1901 

regions 





P & K with and without 

(ihamong 

n.i 

41 

1970 

weedicidi's 

Nagri 

i^i 

41 



Sungma 

i>i 

41 



Phoobser- 





ing 


24 

1905 

Pruning 

Margaret'S 





Hope 

1^.1 

2" 

1900 

Foliar sj)raying of Zinc 

Sungma 

Dj 

44 

1974 

sulphate 

Arya 

Dj 

42 

1974 

Infilling 

Bannork 





hum 

- 


1974 

(lo- 

(dng 



1974 

Rejnvenalion 

Hannoek- 





hurn 

- 

- 

1974 

-do- 

Ging 

- 

- 

1974 



Appendix-B 


LIST OF EXPERIMENTS CONDUCTED IN THE MEMBERS ESTATES 

By 

THE OTHER DEPARTMENTS 


BOTANY DEPARTMENT 


SI. 

Exprrin\t*fit 

Loiation 

Site 

Year 

No. 




started 

1 . 

Observation plots of biclonal progenies 

North Bank, Assam 

Noanipara 

1966 

2. 

-do- 

-tIo- 

Cinnatolliah 

1974 

M. 

-do- 

South Rank, Assam 

Nahorbari 

1973 

4. 

-do- 

-do- 

1 )olowjan 

1974 


ENTOMOLOGY DEPARTMENT 


SI. 

I’ixperimcnts 

[.ocation of 

.Site 

Index Year started 

No. 



estate 


- 

1 . 

Pink mile trial 

South Bank 

Socklatinga ’P.E. 

6 May, 1974 

2. 

Pink and Scarlet rnitc trial 

-do- 

Napuk T.E. 

August, 1974 

3. 

Scarlet mite 

-do- 

fleeleaka P.E. 

September, 1974 

4 . 

Red spider trial 

-do- 

Diffloo r.E. 

January, 1975 


Scale insect trial 

Darjeeling 

Arya T.E. 

August, 1974 

6. 

Red spider trial 

.South Bank 

Dahingeapar T.E. 

February. 1975 

7. 

hooper trial 

.South Bank 

C(»runga d’.E. 

April, 1974 

H. 

Eelworm trial 

Dooars 

NewTa Nadi P.E. 

December, 1974 

10. 

-do- 

Effcct of longer pruning cycle on red spider infestation 

Dooars 

South Bank 

Lankapara T.E. 
rhowra P.E. 

-do- 

October, 1974 

11. 

-do- 

-do- 

Duflating P.E. 

.August, 1974 

12. 

Efl'ect of shade on scarlet mite infestation 

South Bank 

Socklatinga P.E. 

May, 1974 

13. 

Effec t of longer pruning cycle on red spider infestation 

North Bank 

( linnatolliah P.E. 

September, 1974 

14. 

Effect of differential manuring on red spider incidence 

-do- 

-do- 

-do- 

15. 

Susceptibility of clones to Scarlet mite 

-do- 

-do- 

-do- 

16. 

Cockchafer incidence in relation to mulch, unmulch & 

-do- 

Bargang P.E. 

April, 1974 

17. 

mulch with occasional spraying with I’hiodan 
-do- 

-do- 

Monabarie P.E. 

-do- 

18 . 

-d(}- 

-do- 

Durrung P.E. 

-do- 

19. 

Incidence of red spider in relation to longer pruning cycle 

Dooars 

Huldibari P.E. 

September, 1974 

20. 

-do- 

-do- 

Danguajhar I'.E. 

.September, 1974 

21. 

Effect of weedicide treatment on termite incidence 

Cachar 

Eongai Valley P.E. 

September, 1974 

fl'l. 

Effect of longer pruning cycle on red spider incideru e 

Cachar 

Longai Valley T.E. 

September, 1974 

23. 

-do- 

-<lo- 

Hattikhira P.E. 

-do- 

24. 

Effect of mulch on cockchafer incidence 

-do- 

Dewan T.E. 

-do- 

25. 

Mite incidence in relation to differential manuring 

-d..- 

I>wan T.E. 

-do- 

26. 

I’ermite control Erial 

-do- 

(Bundoo Div.) 
Boro-Jalinga I'.E. 

April, 1974 

27. 

-do- 

-d<i- 

Burnie Braeii T.Iv 

-do- 
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Tockim Experimental Station 


mycology department 


SI. Kxprrinuni 

No. 

1. 'I’o study thr rfHt acy ofdiiTerrnt tonuiilalions as com- 
paml with that of a standard ropprr oxychloride - 
(lllltox) in controllinis' Red rust. 

‘2. Same as al)<)\ (\ but with Blito.x at lower doses. 

3. 'IVstin^^ ol a new lunRiridr against I'horrny stem blight. 

4. S< ieening oi tungit ich's against Hla( k rf»t. 

.3. Sdeening of lumiicides and copper at lower rates in 
in (ontrolling Blister Idight. 

ti. Cheiiiical t ontrol ol' Primary root dis< ases. 

7. -do- 

8. 'do- 
-do- 

10. -do- 


Rot ation ol estate 

Site (4\K.) 

Index No. 

South Bank, Assam 

Doomur- 

Diillong 

MR 014 

-do- 

Darjeeling 

North Bank 

Darjeeling 

Dufllating 
Happy Valley 
Dhulapdang 
l*hoobsering 

MR 015 
Mc oor, 
MB on 
MV 003 

South Bank, Assam 
-do- 

North Bank 
Darjeeling 

North Bank, Assam 

Nahorkutia 

Borhal 

Tarajulie 

Balasun 

Bagh mari 

MP 002 
MP 003 
MP 004 
MP 005 
MP 001 


SI. Department 

No. 

1. Statisliis 


STATISTICS IDEPARTMENT 

p,oj, rt Site ( r.Is.) Ind*-x No. 

Diiilormity trial Nagri Fanii 

(l)arie<“ling, 

West Bengal) 


ENGINEERING RESEARCH & DEVELOPMENT DEPARTMENT 


l-Aperiinent 

No. 

I, 1 Vial ol (Continuous Tea Roller 


Location ol estate 


IJppi r Assam 


.Site ( r.K.) Project 

No. 


Tow’kok lb. 4 


Year 

started 

1974 


1974 

1973 

1974 
1974 

1973 

1974 
1971 
1974 
lOb.V 


Year 
Slat ted 

1974 


V(‘ar 

started 


1974-7.3 
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Appendix-C 


Banerjec, B. 1974 . Population Dynamics ol Tri^oni- 
ulus lumhricinus (Gcrst). Res, Rapid . Juol.^ 16 : 132 137 . 

(Abs. The population of' Tri^anhdus lumbncimis 
in leaf litter varies between inonlhs. 4 he annual 
population peak is reaelu‘d eluring May to July 
alter vvliieh tlie po[)uIation declines, I he seasonal 
jiopulation cliange is statistically correlated with 
the rainfall, l)ut a causal relationship is dillicult 
to establish: ihert' is no indication that the popu- 
lation is K'gulated by any density related process 
eithei'. It is speculated that a long term study of 
the population in dilferent parts of its distribu- 
tion rang!' (an only clarify the statistical and 
biological aspects ol' density relations.) 

Banerjec, B. 1974. A dcniographie study of the 
growth rate' of tiu* red s[iicler mile ()!i<^ouychus ralpae 
(\ietnei) on two variv-ties of tea. .]caroh)<jj\ 16 : 
42a -433. 

(Abs. Population parameters lor the spidc'r 
mite ()li(^oi/vr/ius cafjrdc (Ni'. tiK i ) oij th(‘ s(» called 
.Assam and ( Tina varieties ol tea in Kenya are 
given. Several demographic e(|uati<»ns have been 
derived. Age-spccilic survivorshi[) (l^^j and 
feeundily (aix^ higher on China variety 

than on Assam variety of lea. I'he n('t ix'pi’othu t- 
ive rale (K^,), capacity for increase (rj, and th(‘ 
intrinsic rate of increase (r,„) and tlie finite rate 
of increase (r) follow the similar iiend. Since 
the physical (’uvironment lor the growth oj tin* 
mit(‘ population was maintained fairly unilorm, 
the morphologleal and biochemical nature of 
the* hares may be eonsecjucntial in the dilfereniial 
population growth ol th(‘ mite). 

Banerjec, B. 1975 . (irowth of n.ound^ and foraging 
territories in Odoniolermes redemarvii (Wasmann). 
Jnsectes Sad an 22 : 207 212 . 

(Abs. Biological and statistical aspects ol the 
annual cycle of growth and foraging in the mounds 
oi Odontotermes redernanni (Wasmann) arc described. 


Mound growth is rapid during November and 
March when both ambiemt temperature and rain- 
lall are low. (Hrewth rate of individual mounds 
declines as the mounds increases in height and 
stops at 201) cm. I'oraging is nocturnal and common 
during March to September. 4’he area hjraged 
incrc'ases with tlu' size of the mound and a positivi* 
correlation exists betwc^cn them. 4’heoretical 
asj)erts ol (‘ntr()j)hic: balance in the mounds arc 
discussed). 

Banei jee, B. 1975. Statistical methods in biology - 
some prol>lems. Rrog, Sci & 7 erh. 

(.Abs. 'I'hi' inherent drawbacks of the appli- 
cation of common statistical methods to biologi- 
cal processes, j)arlicularly in behaviourial studies, 
;'r(‘ discussed. Most of th(‘ biolqgical |)henomena 
do not follow' the normal distribution wJiicli is 
an essential ('oinj)oncnt in all parametric stali.stics 
rrarisformation <4 data to lit tlie normal distri- 
bution may lead to the loss ol some inlormalion 
of biological sig nilicance. Moreover, role of 
probability has been cv(‘rplayed in biology 
because souk* biological signilicance can also 
be attached to the rejection laygion ol the proba- 
l))lity curve. I'line and motion whii h ate common 
in most biological sysU ms can rarely be dealt by 
j >a r a me trie s t a l i s t i cs . ) 

Banerj(‘e, Ik 1975. Long range strategiirs lor the 
development of agricultural entomology in Kenya. 
IDA IVadd Rank Projecl Report, 

(Abs. An account is given of the infrastructure 
and curricula necdc'd to d(W(4op the academic 
and research asp cts to study the insect sciences 
in the context of Kenyan developmental projects.) 

Banerjec, B. Phe development of the red crevice 
mite, Hrevipalpus phuenicis ((^eijskes) on coffee and 
tea in kenya. J- Appl. Rnt.^ 81 (in press) 

Banerjec, B. Variance mean ratio and spatial distri- 
bution of animals. PlxpL 
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Banerjce, B. and Basu, S.D. I'he niininml time 
required for nematode extraction by Oostenbrinks’ 
elutriator: Curr. Sciy (In press) 

Banerjee, B, and Sarmah, N.N. Bionomics of .S7^r//rt- 
cera aurosignata 'rhomj)son (Buprestidac: Clcdeoptcra)- 
a pest of shade trees in tea plantations of north 
cast India. IniL J. Ent. 

Banerjee, B, J3as, S.(^ and Mukherjee, S. New 
records of coccoids from shade trees and ancillary 
crops of tea in north east India. Ind. J. Ent. 

Bezbaruah, H. P. (1974). Pollination in Tea {(.'ame- 
Ilia sinensis (I.) O, Kuntze) In North-East India, 
J. Plant, (hops 2' (2), 6 U. 

(Abs. Being heavy and sticky, the tea pollen is 
not wind l)ornc. Under north-cast Indian condi- 
tions, pollination is mostly carried out by small 
flics, but the insect populations around the 
flowering trees arc generally inadequate to bring 
alK)ut large scale pollination. 'The observations 
indicate that the tea seed orchards need not be 
isolated in remote places, as insects with a long 
flying range, like bees and wasps, are not vt-ry 
common around the seed trees). 

6. lladheld, W. (1974). Shade in North-East 
Indian Tea Plantations, T: The Shade Pattern, 
J. Appl. EcoL //, 151 178. 

(Abs. The influence of interplanted shade 
trees on the light regime at the surface 
of mature tea bushes in Assam is described. 1'he 
conclusion that most of the light reaching a tea 
bush is in the form of unmodified sunlight, either 
from large canopy gaps between trees or sunflecks, 
is n‘aehed and the spectral composition of the 
shade light is analysed, 'fhe methods used make 
it possible to characterize the intensity and 
constitution of nearly all light on the bush surface 
in both clear and uniformly overcast conditions 
as a basis for crop physiology studies, d’he rapid 
.screening of potentially useful shade trees and 
u.se of foliage light patterns in planning mixtures 
and spacing of shade is dealt with and the signifi- 


cance of pattern to statistician and agronomists 
is pointed out. In a brief historical review of the 
use of shade trees in India and other tea-growing 
countries the reasons for the ‘shade problem’ 
and apparent contradictions between results of 
natural and artificial shade experiments are 
discussed.) 

7. Hadlicld, W. (1 974). Shade in North-East 
Indian 1'ea Plantations, TI: Foliar Illumination and 
(’anopy Uharacteristics, J- Appl. EcoL //, 1 79 — 1 99. 

(Abs. 'I’he penetration of light into five distinct 
foliage patterns of tea bushes was studied and the 
effect of llu‘ foliage pattern on the distribution 
of light discussed. The two foliage types represent- 
ing most of the tea bushes grown commercially 
in north-east India were examined in detail 
and their rcspons(‘ to high fertilizer doses deter- 
mined. It was shown that bushes with semi- 
en'Ct leaves maintained a higlter leaf-area 
index under normal estate conditions and res- 
ponded to higher doses of fertilizers than a hori- 
zon tal-lcafcd type, rile implications of these 
findings to current commercial prc'*ctic(‘ in north- 
cast India are discussed and the potentiality of 
gri'atly improving existing and future yi(‘lds 
considered. 

8. Jain, N. K. & Verma, A. S. (1 974). Biuret 

Uontent of Urea, I. Effect on Dwarf Indica Rice 
Uultivar IR 8 in Foliar Spray, Indian J. A/rric. Res. 
8,97 l()2. 

(Abs. Dwarf rice {Oryza saliva Var. Indica) 
cultivar IR 8 exhibited no visible injury symp- 
toms when biuret increased from 0 to 9*’/, in 
urea, used for foliar spray (a\ 20 kg N/ha. How- 
ever, almost all indices o(' growth and yield were 
adversely affected. Biuret contamination depre- 
ssed grain yi(4d primarily through a reduction 
in number of ear bearing tillers. A sharp reduc- 
tion in grain and straw yields between 0 and 
1. 5% biuret levels, is suggestive of the need of 
more intensive investigation of the lower levels 
of biuret (for locating its threshold limit. 


( ) 



Annual Scientific Report For 1974-75 


At higher levels, 6% biuret) content of urea 
negated the beneficial efi'cct of 20 kg N/ha 
through foliar spray. 

9 . Jain, N.K. & Agravval, M.(I (1974). Economics 
of Soil and Foliar Application of Nitrogen in Wheat 
Sonora — 64 , Indian J. A^ric. Res. 8, 43 48. 

(Abs. Economics of N fertilization to wheat 
Sonora 64 was studied in an experiment con- 
ducted during 1966-1968 at Kanpur under 
irrigated conditions. Soil application of 60 kg 
N per hectare at the time of sowing, supplemented 
with 40 or 50 kg N per hectare through foliar 
spray gave net profit of Rs. 1987.1 1 and 1995.87 
per hectare, respectively). 


10. Rahman, F. (1975). Weed Control in Tea, 
Outlook on Agriculture. 8 , (4), 173-177. 

(Abs. It is only during the last ten years that 
chemical methods of weed control in tea have 
been adopted on a large scale in some countries. 
Depending on circumstances, the aim may be 
either complete kill of all weeds, or selective 
elimination of tin; most troublesome species, 
or merely to kec j) the weeds in check at a level 
that does not reduce cro[) yield. 4’he present 
article reviews current practices and problems 
and indicates areas in which research will be 
needed in future.) 



Appendix-D 

SUMMARY OF METEOROLOGICAL OBSERVATIOSS DURING 1974 


Latitude : 26.47'N 


Dailv 'rmiprralnrr “(j 


Month.s 

■ . ^ - 




1974 

Mean 

Mian 

Mean 

I fighist 


Max. 

Min. 


January 

21.4 

10.4 

15.9 

23.7 


(22.4) 

(9.3) 

(15. H) 

I t'bruary 

24.4 

12. .5 

18.4 

29.3 


(24.0) 

(11.9) 

(18.0) 

March 

27.4 

1.5.7 

21. (. 

31.2 


(27.. 5) 

(15.4) 

(21.1) 


April 

27.0 

19.7 

23.4 

32.7 


(28.7) 

(19.0) 

(23.8) 


May 

30.3 

22.9 

2(>.l. 

3(,. 1 


(29.9) 

(21. H) 

(25.8) 


June 

31.') 

21.() 

28.2 

35.8 


(31.. 5) 

(21. I) 

(27.8) 

Jiiiy 

30.1 

24.7 

27. 

33. t, 


(32.2) 

(21.0) 

(28.1) 


August 

31.!) 

25.5 

28 . 7 

3t).2 


(32.0) 

(24.5) 

(28.2) 


September 

30.3 

24.0 

27 'V 

34.1 


(31.2) 

(23.9) 

(27*0) 

October 

30 . .5 

23.5 

27.0 

3.1 . 2 


(29.3) 

(20.9) 

(25.1) 


November 

28.0 

18.0 

23.0 

30.2 


(20.3) 

(15.1) 

(20.7) 

December 

22.. 5 

10.0 

1(..0 

24.7 


(23.4) 

(10.0) 

(17.0) 



Table : 1 Tocklai (Mid Assam) 

Ixiagitudr ; ‘J-PTi'L 



Kainlall 

^ 


Lowest 

Monthly 

Day with 

Daily 

sunshine 


in rnrn 

0.03 mm 

in hours 



ami 



, 

above 


7.4 

3t;.i 

7 

b.O 


(21.0) 

(^) 

(5.8) 

8.3 

H..7 

1 * 

7.7 


(32.3) 

(7) 

(0.2) 

12.4 

1 10.2 

<> 

0.8 


(80.3) 

(II) 

(b.7) 

10. b 

239.0 

1!) 

5.2 


(191.8) 

(lb) 

(•>.9) 

20.3 

232.5 

20 

5.3 


(283.1) 

( 20 ) 

(5.0) 

23.1 

203.9 

22 

5.4 


(333.0) 

(2.3) 

(4.4) 

23.3 

419.4 

31 

3.(. 


(380.2) 

(25) 

(4.7) 

23.0 

2(il.7 

')'} 

5.4 


(344.1) 

(S) 

(5.0) 

22.5 

241 . 1 

21 

4.9 


(252.5) 

(19) 

(5.0) 

20.8 

112.0 

11 

5.9 


( in .. 8 ) 

( 12 ) 

(5.0) 

15.4 

35. (, 

5 

7.1 


( 27.3) 

(4) 

(b.I) 

7. 5 

4.0 

V 

0.7 


(IM) 

( -4) 

( 0 . 0 ) 


Per cent Relative Humidity 


Altitude : 9().5 rnrter a.m.s.l. 


Daily soil tfrnprratiirc Monthly 

(under grass) Evaporation 

Depth Op 

en Penman 

Pan in rnni 


in mm 


5 ( in 

15 cm 

30 cm 





... 

— 

■ 

17.4 

(19.0) 

17.0 

(18.2) 

18.0 

(19.0) 

33.3 

58.1 

20. 1 
(20.5) 

19.0 

(19.8) 

20.2 

(20.2) 

51.2 

8/. I 

23.2 

(24.0) 

22.0 

(23.0) 

23.0 

(23.0) 

79.9 

120.2 

25.t) 

(20.9) 

25. 1 
(25.8) 

25.2 

(25.0) 

77.9 

131 0 

29.3 

(28.0) 

28.1) 

(27.7) 

28.2 

(27.0) 

99.9 

153.t> 

31.0 

(-30.0) 

30.4 

(29.0) 

30.2 

(29.4) 

105.7 

1.55.8 

.30.2 

(31.5) 

30.0 

(30.0) 

30.1 

(30.5) 

')0 . 2 

140.2 

31.3 

(31.4). 

30.9 

(30.0) 

31 .0 
(30.0) 

103.5 

159.3 

30.2 

(31.0) 

29.8 

(30.2) 

30.0 

(30.2) 

83.5 

129.5 

29.0 

(28.3) 

29.2 

(27.9) 

29.4 

(28.2) 

<)9.4 

121.4 

25.4 

(23.9) 

25.3 

(23.0) 

20.0 

(24.5) 

52.4 

92.2 

19.0 

(19.8) 

19.2 

(19.0) 

20.0 

(20.0) 

34.1 

58.2 


Table ; 1 (a) Tocklai 


Hours of Observations fan. 
ISP 

Ob 13 

(9b) 

1313 02 

(58) 


Ed). 

Marc h 

April 

May 

June 

.July 

Aug. 

Sept. 

Oct. 

.\ov. 

1 )cc. 

92 

(95) 

50 

(55) 

90 

(92) 

51 

( 54) 

93 

(91) 

t)9 

(03) 

90 

(93) 

08 

(71) 

91 

(93) 

71 

(75) 

92 

(93) 

78 

(75) 

92 

(94) 

73 

(75) 

94 

(95) 

74 

(74) 

90 

(96) 

72 

(72) 

95 

(97) 

()2 

(04) 

9.'-' 

(97) 

59 

(00) 


y\ braekels show previous averages 
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Annual Scientific Report For 1974-75 


Table : 2 Silcootle (Cachar) 


l-at tudf : 24°50 N Lon^itudr : 92^43' E Altitude : 39.6 mctrr a.rn.s.l. 


Months 

1974 


Daily Femperat 

ure "(1 

Highest 

I .owest 

Rainfall 

Monthly 
in mm 

Dav with 
0.03 mm 
and 
ab( >ve 

Daily 
sunshine 
in hours 

Daily soil tcm|)erature ®(3 
(under grass) 

Monthly 

Evaporation 

Mean 

Max. 

Mean 

Min, 

Mean 

5 cm 

Depth 

15 cm 30 ern 

Open 

Pan 
in mm 

Penman 
in mm 

January 

24.9 

10.5 

17.7 

2t).8 

7.9 

8.7 

3 

8.5 

20.2 

? ? 

01.8 

78.8 


(25.9) 

(10.9) 

(18.4) 



( 20.2) 

(2) 

(8.0) 

(21.4) 




February 

23.0 

11.3 

19.0 

32.0 

7.1 

2 2 

1 

9.t» 

23.8 

? ? 

88,1 

105.3 


(27.5) 

(12.9) 

(20.2) 



(Sl.tl) 

(4) 

(8.1) 

(23.2) 




Marih 

3(J.() 

17.0 

23.5 

33. 1 

13.3 

200,2 

9 

7.7 

20.9 

? ? 

111.9 

142.7 


(30.8) 

(10.1) 

(23.0) 



(99.0) 

( 7 ) 

(8.0) 

(2(>.9) 




April 

30.7 

21.2 

20.0 

33.7 

17.5 

2()7.5 

19 

7.4 

28.9 

? ! 

94.4 

102.6 


(31.9) 

(20.4) 

(20.2) 



(250.9) 

(14) 

(7.0) 

(29.4) 




May 

31.7 

22.7 

27.2 

30.5 

20 . 2 

200 . a 

18 

0.5 

30.2 

? > 

128.7 

172.2 


(31.9) 

(22.7) 

(27.3) 



(388.5) 

(19) 

(0,0) 

(30. (i) 




June 

31.2 

23.8 

27.5 

35. 1 

20.7 

718.0 

24 

5. 1 

30.8 

? ? 

114.0 

183.1 


(31.5) 

(21.1) 

(28.0) 



(59f,.9) 

(25) 

(1.0) 

(30.0) 




Jiilv 

30.2 

21.1 

27 . 3 

31 . 1 

23.3 

o30.3 

31 

2.(> 

30.2 

? ? 

71.8 

120.5 


(32.2) 

(25.0) 

(28.0) 



(5P).tO 

(27) 

(1.5) 

(31.1) 




A in’ list 

32.9 

2-1.9 

28.9 

,3t».8 

21.0 

370.8 

24 

1.0 

31 .(> 

? f 

09.7 

132.7 


(32.2) 

(21.9) 

{28.(.) 



(113.8) 

(25) 

(4.8) 

(31.4) 




.‘v-plember 

31.7 

23.8 

27.8 

35 .<> 

21.8 

355. 1 

18 

5 . 5 

30.0 

i* ? 

91.1 

139.4 


(32.4) 

(24.5) 

(28.1) 



(338.9) 

(18) 


(31.3) 




<^)< (ol)( r 

32 3 

23.0 

28 . 0 

3t;. i 

2(*.9 

210 8 

1 1 

0.7 

30.0 

> ^ 

75.3 

J33.3 


(31,3) 

(22 1) 

(20.8) 



(215 8) 

(11) 

(0.0) 

(29.0) 




November 

30. (i 

20,0 

25.3 

33.1 

17.1 

30.7 

7 

7.0 

28.8 

? ? 

72 2 

109.5 


(29.2) 

(17.1) 

(23.2) 



(29.1) 

( 4 ) 

(7.8) 

(25.9) 




1 )::':ernber 

25.8 

11.“ 

i8 8 

27.5 

9.9 

(<M).0) 

0 

7.8 

21.3 

? ? 

4,5.5 

75.9 


(;d,.9) 

(12.5) 

(19 7)1 

K| 


(11.3) 

(1) 

(8.0) 

(22.0) 




...... - . , 


• * - 

— 

' - ■ 

— 

— 


- - - - - 

- - ' 

— ^ _ 

— — — 

.. 


Per cent Relative Huniidiry 
Table : 2(a) Silcoorie (Cachar) 


Hoiks ol Ohs<Tvation.s |an. 

Feb. 

Mareh 

April 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

1ST 












0019 98 

99 

98 

! 93 

93 

95 

97 

95 

97 

97 

98 

99 

(98) 

(97) 

(94) 

(91) 

(91) 

(95) 

(95) 

(90) 

95 

(90) 

(97) 

(98) 

1319 50 

38 

.50 

65 

<i9 

70 

84 

74 

75 

71 

60 

52 

(40) 

(43)T«^'((42) 

(.50) 

(07) 

(70) 

(75) 

(74) 

(71) 

(67) 

(56) 

(49) 


Note : (i) Data in brackets show previous'avcrages 

(ii) Soil temperature at difTrrent depths are the mean of morning and aftemorm readings. 

(iii) Penman in mm means Penman estimation evaporation from an openjwater surface, 

(iv) ? indicate; data not available. 
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Togklai Experimental Sattio.v 


Table : 3 NagrakaU (Dooars) 


taiiiudc : 26®54'N 


I.ongitude : 88®55'K 


Altitude : 228.6 meter a.m.i.l. 




Daily 'IVrnperaturr 


Rainfall 

Months 

. _ 







. - . 

1974 

Mean 

Max. 

Mean 

Min. 

Mean 

Highest 

Lowest 

Monthly 
in mm 

January 

22.8 

(23.6) 

10.2 

(10.5) 

16.5 

(17.0) 

25.5 

6.5 

42.1 

(11.2) 

February 

2.5.4 

(25.5) 

11.5 

(12.9) 

18.4 

(19.2) 

29.8 

6.7 

0.0 

(21.1) 

March 

28.7 

(29.4) 

16.5 

(16.4) 

22. <> 
(22.9) 

33.0 

13.7 

40.9 

(41.7) 

April 

29.5 

(31.1) 

20.2 

(20.0) 

24.8 

(25.6) 

32.5 

15.0 

187.0 

(142.8) 

May 

30.2 

(30.8) 

21.5 

(21.7) 

25.8 

(26.2) 

34.9 

18.5 

580.4 

(332.4 

June 

31.0 

(130.3) 

23.2 

(23.3) 

27.1 

(26.8) 

34.6 

19.0 

4(i0.3 

(902.3) 

Jniy 

29.3 

(30.4) 

23.6 

(23.9) 

26.4 

(27.2) 

32.7 

22.1 

1398.0 

(10.55.8) 

August 

.30.7 
(30. (i) 

24.0 

(23.7) 

27.4 

(27.2) 

35.5 

22.5 

891.9 

(773.7) 

Septeml>er 

29.7 

(30.6) 

22.5 

(22.9) 

26.1 

(26.8) 

34.2 

19.2 

57().t> 

(.548.3) 

Octoljer 

30.2 

(29.8) 

21.5 

(19.4) 

25.8 

(24.6) 

33.0 

16.0 

462.3 

(210.7) 

Nvvember 

29.4 

(27.3) 

14.8 

(14.6) 

22.1 

(21.0) 

31 0 

11.5 

0.0 
(13 2) 

l)ec<*niber 

23.8 

(24.9) 

10.9 

(11.5) 

17.4 

(18.2) 

25.6 

8.6 

0.0 

(4.0) 


Daily soil temperature ®G Monthly 




(under grass) 

Evaporation 


Daily 




— . - — . .. 

. — 

Day with 

sunshine 


Depth 


Open 

Penman 

0.03 mm 

in hours 




Pan 

in mm 

and 


. — .. . . 




in rnm 


abr)V(‘ 


5 cm 

1 5 cm 

30 cm 



4 

5.3 

18.2 

18.6 

19.4 

66 f) 

62.7 

(2) 

(7.7) 

(18.2) 

(18.4) 

(19.6) 



0 

8.0 

20.4 

20.5 

20.8 

88.4 

98.0 


(7.5) 

(20.2) 

(20.0) 

(20.7) 



5 

ti.4 

24.8 

24.8 

24.6 

151.9 

135.8 

r>) 

(7.6) 

(24.0) 

(23.5) 

(23.8) 



15 

6.2 

25.8 

25.5 

25.4 

113.6 

149.8 

(II) 

(7.2) 

(27.0) 

(26.4) 




20 

6.0 

26.1 

27.1 

27.0 


161.8 

(20) 

(6.6) 

(28.6) 

(27.6) 

(28.0) 



23 

3.9 

28. (i 

28.4 

28. t» 


138.8 

(26) 

(3.8) 

(28.5) 

(28.0) 

(28.4) 



27 

2.0 

26.6 

27.8 

27.8 

? 

117.6 

(27) 

(3.. 5) 

(29.0) 

(28.1) 

(28.8) 



22 

3.4 

27.8 

28.6 

28.0 

;* 

131. a 

(27) 

(4.1) 

(29.2) 

(28.8) 

(29.0) 



23 

4.5 

27.2 

27.6 

27.4 

111.2 

122.0 

(21) 

(5.1) . 

(28.8) 

(21.8) 

(28.8) 



13 

t).6 

27.0 

27.6 

27.4 

101.2 

126.4 

(10) 

(7.8) 

(26.8) 

(27.2) 

(27.2) 



0 

9.7 

23.2 

23.6 

24.3 

93.0 

103.9 


(8.6) 

(22.6) 

(22.8) 

(24.0) 



0 

7.7 

18.6 

19.2 

20.2 

70.0 

68.1 

(1) 

(8.4) 

(19.5) 

(19.8) 

(21.1) 




Per cent Relative Humidity 
Table : 3 (a) Nagrakata (Dooars) 


Hours of Observations 

Jan. 

Feb. 

March 

April 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

LST 











0634 

92 

85 

72 

86 

89 

93 

97 

95 

94 

94 

79 

86 


(8.5) 

(81) 

(74) 

(76) 

(87) 

(95) 

(96) 

(95) 

(95) 

(88) 

(85) 

(83) 

1334 

53 

42 

42 

66 

71 

77 

85 

81 

78 

71 

47 

50 


(52) 

(49) 

(45) 

(53) 

(69) 

(82) 

(83) 

(82) 

(78) 

(66) 

(57) 

(-53) 


Note : (i) Data in brackets show previous averages. 

(ii) Soil temperature at diflerent depths are the mean of morning and afternoon readings? 

(iii) l‘<*nman in nun means Penman estimation of evap(»ration from an open water surface. 
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Latitude : 26055'N 


Monihs . - 

1974 M<an 

Max. 


January 

M.7 

February 

17. I 
(lb. 7) 

March 

22.2 

(21.2) 

April 

22.7 
(23. b) 

May 

23.8 

(23.9) 

June 

21.0 

(21.1) 

J"iy 

24.2 

(24.3) 

August 

24.9 

(24.7) 

Sefjlember 

24.3 

(24.4) 

October 

23.8 

(23.2) 

NovemlKT 

23. b 
(20.3) 

1 )e( ember 

17.0 

(17.7) 


Table 4. Nagpri-Farm (Darjeeling) 

Longitude : 880i2"E 


Daily Temperature 


Rainfall 


Mran Moan High.-st lamest Monthly' ' iTay' with snnshinr 

in »nm 0.03 mm in hoiii-i 
and 
alu >ve 


7.4 
( 7.8) 

11. 0 
(11.5) 

18.9 

1.1 

24.1 

(19.0) 

5 

( ‘^) 

5.3 

(0.2) 

9.2 

( 

13 2 
(13.1) 

22.7 

5.0 

3.(i 
( 18.3) 

I 

(3) 

b.5 

(5.9) 

13. f) 
(13,0) 

17.8 

(17.1) 

24. b 

10.2 

20.2 

(54.2) 

5 

(5) 

(i.3 

(O.H) 

1 .5 3 

(1.5.8) 

19.0 

(19.7) 

27.0 

11.4 

lb9.2 
(9b. 8) 

14 

(10) 

5.3 

(5.7) 

17.2 

(17.2) 

20.5 
(20. b) 

28.8 

14.1 

18b. 8 
(198.!) 

21 

(19) 

4.5 

18. b 
(18.8) 

21.3 

(21.4) 

28. b 

15.9 

278.7 

(434.3) 

23 

(25) 

3.3 

(2.9) 

18.7 

(19.4) 

21.4 

(21.8) 

2(i.b 

17.7 

98b. 5 
(b51.0) 

28 

(27) 

l.(i 

(2.5) 

19.2 

(19.1) 

22.0 

(21.9) 

29. (; 

17.5 

553.9 

(471.3) 

23 

(2b) 

2.5 

(3.3) 

17. H 
(18.2) 

21.0 

(21.3) 

28. b 

lb. 5 

3()b. 1 
(3 lb. 9) 

22 

(20) 

3.4 

(4.0) 

17.1 
(15. b) 

20.4 

(19.4) 

2t>. 4 

13.8 

92.2 

(147.1) 

lb 

(H) 

(-.1) 

(0.7) 

13.5 

(11.8) 

18. (i 
(Ib.O) 

25.5 

10. 1 

3.(, 

(12.9) 

1 

(2) 

8.9 

(7.3) 

8. 1 
(9.3) 

12. b 
(13.5) 

23.0 

b.O 

23.4 

(2.3) 

4 

(I) 

5.4 

(7.0) 


AUitude : 1158.2 meters a.m.s.I. 


Daily soil temperature Monlhlv 

(under grass) Evaporation 



Depth 


Open 
Pan 
in mm 

Penman 
in nun 

5 cm 

r5 cm 

30 <'m 



12.9 

(1.T3) 

II. :i 
(12.4) 

11.2 

(14.0) 

35.7 

51.2 

15.2 

(14.7) 

12.1 

(13.5) 

14.0 
(14. ,5) 

53.3 

7b. b 

20.0 

(18.9) 

17.0 

(17.1) 

18.8 
(17. b) 

102.2 

119.4 

21.2 
(21. «) 

IH.B 

(20.0) 

20,1 

(20.3) 

b3.0 

123.0 

23.1 
(23. b) 

20.7 

(21.8) 

21.8 

(22.0) 

71.3 

12b. 4 

24. b 
(24.5) 

22.1 

(23.2) 

22.4 

(23.2) 

57.0 

114.9 

23.8 

(24.8) 

21.8 

(23.5) 

23.2 

(23.8) 

52.7 

I Ob. 4 

2b. 5 
(25.2) 

22.4 

(23.8) 

23.7 

(24.2) 

bl.O 

108.1 

23.9 

(24.4) 

21. (i 
(23.2) 

23.2 

(23.8) 

55.9 

98.1 

22.0 

(22.1) 

20. b 
(20.9) 

22.1 

(21.8) 

52.7 

97.1 

19.0 

(18.1) 

lb. 4 
(17.2) 

19. 1 
(18.8) 

82.3 

92.5 

12.8 

(14.8) 

11.0 

(14.0) 

14.3 

(15.7) 

41.1 

53.4 


■ • 



■ 

— — — 


Per cent Relative Humidity 


Table 4(a). Nagri-Farm (Darjeeling) 


Hours ^)1 Observations Jan. 


isr 


0()37 

77 


(71) 

1337 

80 


(72) 


Feh. 

March 

April 

May 

June 

.july 

Aug. 

Sepr. 

Oct. 

N(4V. 

Dec. 

()8 

m 

59 

(65) 

00 

(03) 

03 

(M) 

75 

m 

78 

((>(,) 

9f» 

(80) 

92 

(82) 

90 

(92) 

88 

(89) 

9t) 

(94) 

92 

(89) 

92 

(93) 

83 

(87) 

90 

(89) 

85 

(8(i) 

8b 

(7b) 

82 

(79) 

57 

(68) 

56 

(71) 

ti(i 

(69) 

70 

(70) 


Note : (i) Data in brackets slu^vvs fjrevicms average's. 

(ii) Son tempt-rator,- at difToront clrpths arr thr tnoan oC tnorning and alUrnoon n adings. 
(to) 1 . ninan s m inm inrans 1 onnian fstimation of .-vaporalion front an oprn water surlLi-. 
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I'ocKLAi Experimental Station 


Table 5. North Bank of Brahmaputra, Assam Thakurbari 


Lalitude : 2G«35'N 


Lon^itmlc : 92®42'35'K 


Altitude : 92.45 Meters a.ni.s.l. 


Daily dVniprrature ^'C 


Months 

1974 

Mean 

Max. 

Mean 

Min. 

Mean 

Highest 

January 

24.4 

9.0 

lb. 2 

2.5. 1 

February 

2b. 2 

11.1 

1«.H 

30.2 

March 

29.4 

1.5.1 

22.2 

.33.2 

April 

2H.9 

19.5 

24.2 

34.9 

May 

30.4 

21.9 

20.2 

.3().3 

June 

31. « 

21.0 

27.9 

35, () 

.]‘dy 

31.0 

24 . 1 

27.7 

34.5 

August 

32.3 

24.7 

28.5 

3ti.3 

September 

30.7 

23.2 

27.0 

35.1 

October 

30. H 

21.9 

20.4 

34.5 

November 

29.0 

15.4 

22.2 

31.0 

December 

24.0 

9 . 5 

1(1.8 

2(i.3 



Rainfall 





Daily 
sunshine 
in hours 

I.owest 

Monthly 

intnm 

Day with 
0.03 mm 
anfl 
above 

5.2 

3(i.2 

() 

7.0 

0.4 

0.4 

2 

7.2 

11.4 

45.3 

5 

0.9 

10.3 

1 19.8 

20 

5.4 

19.0 

220.1 

10 

4.9 

22.0 

504.8 

20 

3.8 

23.2 

(i()2.7 

28 

3.1 

23.0 

320.1 

22 

4.<) 

22.0 

527.1 

22 

4.8 

19.0 

190.5 

10 

0.0 

12.0 

0.0 

0 

8.8 

fi.(i 

17.2 

.1 

8.1 


Daily soil leiiipcraf lire ‘'Cl Monthly 

(under grass) Kvaiioration 



Depth 


Ojirn 

Pan 

Penman 
in mm 

< in 

15 cm 

30 cm 

in mm 


;> 

jj 


50.5 

t)3 . 0 

? 


? 

75.3 

88.8 

;• 

? 


121 .9 

1 32 . '* 

,» 

? 

V 

109.2 

134.(1 

> 

;> 

i 

108.5 

1.M.2 


V 

> 

129.0 

142,(i 

> 


> 

120.9 

132.7 

j) 


1* 

117.8 

153.7 

2 


? 

89. 1 

125.9 

? 

> 


74.5 

121.5 

■> 


;> 

03.4 

90.1 

.1 



•:8 (i 

(».5.5 


Per cent Relative Hamiiity 

Table 5(a). (North Bank of Brahmaputra, Assam) Thakurbari 


Hours of (Observations 

isr 

Jan. 

Feb. 

M arch 

Aj>ril 

May 

Jun<‘ 


Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

0019 

90 

92 

80 

‘)3 

92 

93 

95 

92 

92 

93 

92 

91 

■319 

(il 

52 

52 

72 

73 

70 

81 

77 

78 

74 

57 

53 


Note : (i) Data in hrarkets show pn*vions averages. 

(ii) Soil teniperatiirc at dillercnt depths are the mean ol inorning and alte.noon readings. 

(iii) I’enman in nim mean IVniii.iii e.sliinalion (jf evaporation Irorn an open water .suriaci, 

(iv) ;* indicates data rM>t available. 


( 71 ) 




